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4.0 ENVIRONMENTAL CONSEQUENCES

The City Houston (Houston), acting by and through its agent, the Coastal Water Authority (Applicant), has
applied for a Department of the Army (DA) permit pursuant to Section 404 of the Clean Water Act from
the U.S. Army Corps of Engineers (USACE), Southwest Galveston District (SWG) to authorize placing fill
material in jurisdictional waters of the United States, including wetlands. The fill material would be used
to construct a proposed water supply project needed to develop additional water supplies. USACE,
Galveston District has determined an analysis on the significant natural and human environmental effects
from the proposed Luce Bayou Interbasin Transfer Project (LBITP) and reasonable range of alternatives
is necessary to provide for full public disclosure and to aid in decision-making.

The proposed action alternatives including the Applicant’s preferred alternative would result in direct
impacts to waters of the United States including wetland. These actions require authorization under the
Clean Water Act, Section 404.

This Environmental Impact Statement (EIS) was prepared in accordance with the National Environmental
Policy Act (NEPA) of 1969, as amended, and Corps of Engineers regulations for implementing NEPA

(33 Code of Federal Regulations [CFR] 325, Appendix B). This EIS has also been formulated to address
the information requirements of the Section 404(b)(1) Guidelines (40 CFR 230). USACE is the lead
federal agency responsible for preparing the EIS. USACE has been assisted by a team of third-party
contractors working under their direction in accordance with December 17, 1997 guidance from the Chief
of Engineers regarding preparing an EIS. Information contained in the EIS serves as the basis for a
decision regarding issuance of a Section 404 permit and provides information for local and state agencies
having jurisdictional responsibility for affected resources.

This chapter addresses the environmental consequences of the implementation of the proposed project
and alternatives to the LBITP that would transfer 450 million gallons per day (MGD) of water under gravity
in compliance with an existing water rights permit from the Trinity River to Lake Houston for municipal
use. This study focuses mainly on the direct environmental consequences for the area of Liberty County
and eastern and northern Harris County, Texas as a result of the three proposed action alternatives
described by Chapter 2.5, and the No Action Alternative described by Chapter 2.3 of this DEIS:

= Alternative 1—No Action

= Alternative 3A—Applicant’s preferred alternative, pipeline and canal conveyance of water to Lake
Houston from a proposed pump station located on the Trinity River at Capers Ridge

= Alternative 4—Pipeline only alternative, conveyance of water to Lake Houston through dual 108-inch
diameter pipelines under pressure from a proposed pump station located on the Trinity River at Capers
Ridge

= Alternative 4—Pipeline only alternative, conveyance of water to Lake Houston through dual 108-inch
diameter pipelines under pressure from the existing Trinity River pump station operated by the Coastal
Water Authority located in Dayton, Texas

Section 4.1 provides a summary of the number of acres of potential disturbance from the construction of
facilities and infrastructure associated with each action alternative. The acres of disturbance have been
calculated for Alternative 3A (Applicant’s preferred alternative) and totals approximately 1,105 acres of
land. This alternative includes construction and operation of the proposed 90-acre Capers Ridge Pump
Station (CRPS), provision of an electrical power supply to CRPS, approximate three-mile long pipeline,
sedimentation basin, approximate 18.5-mile long conveyance canal installed within a 300-foot
right-of-way (ROW), 10-acre maintenance facility, and the proposed discharge structure that would outfall
to Luce Bayou near the confluence with Lake Houston. The acres of disturbance have been calculated
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for Alternative 4 (975 acres) and includes transfer pumps and associated facilities/structures needed for a
24-mile long pipeline system to be installed within a 300-foot ROW and a 10-acre maintenance facility;
Alternative 4 project elements include dual, 108-inch diameter pipelines that would convey 450 MGD of
water in compliance with an existing water rights permit under pressure in two below-grade, steel pipes
from the proposed approximate 90-acre CRPS to a discharge location at Lake Houston. The acres of
disturbance have also been calculated for Alternative 6 (725 acres) and includes transfer pumps and
associated facilities/structures needed for an approximate 20-mile long pipeline system to be installed
within a 300-foot ROW; Alternative 6 project elements include dual, 108-inch diameter pipelines that
would convey 450 MGD of water in compliance with an existing water rights permit under pressure in two
below-grade, steel pipes from the existing Coastal Water Authority Trinity River Pump Station (TRPS) in
Dayton, Texas to a discharge location at Lake Houston. The existing TRPS was expanded in 2010 and
there are six pump bays to withdraw an additional 450 MGD from the Trinity River. New higher capacity
pumps would need to be installed at the TRPS to effectively manage the withdrawal of an additional

450 MGD of water from that location. The direct and indirect effects of the proposed action would be
generated by the following activities.

= Clear, grade (site preparation) and remove surface cover prior to excavating or constructing structures
or facilities at property totaling a maximum of 1,200 acres that would be owned or under the control of
the Applicant.

= Excavate, trench, backfill and dewater the construction areas including controlling surface water runoff
during land preparation and installation of cofferdams along the Trinity River during CRPS construction.

= Implement traffic control measures during construction to minimize disturbance to area residents.

= Perform soil stability testing and engineering analyses to determine the need for support structures at
the pump intake and discharge facilities, to facilitate the design for the sedimentation basin, canal
conveyance, and the CRPS.

= Use of dozers and other earth-moving equipment to construct pipelines, canals, side berms, access or
service road and drainage ditch construction;

= Construct coffer dams using sheet piles within the Trinity River and possibly Lake Houston during the
proposed CRPS and Lake Houston discharge structure installation.

= Construct the equipment and facility maintenance building, access road, update existing TRPS or
construct proposed pump station control facilities, update or install supervisory control and data
acquisition (SCADA) system, maintain existing former residence at the CRPS entrance.

= Construct the 100-foot wide earthen canal with parallel maintenance roads and side-berms, water
control structures and gates, and structural foundations or supports including the discharge box
culverts.

= |nstall or re-route/extend utility lines, utility towers, oil or gas wells, and supply electrical power for
operating the CRPS and for maintaining adequate water pressure within the pipeline installed as part of
Alternative 4 and Alternative 6.

» |nstall dual 108-inch (9-foot) diameter pipelines in excavations such that the area of disturbance is a
raised mound with access roads within the proposed 300-foot ROW; maintain security fencing and
signage.

= |nstall, operate and maintain approximately 18 below-grade siphon structures to maintain the local
hydrologic flow regime along the Alternative 3A conveyance canal and maintain security fencing and
signage.
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= Repair or replace residential, farm and other agriculture-related infrastructure (water wells, cell towers,
irrigation ditches, canals, pumps, flow meters, etc.) that could not be avoided.

= Ship and truck construction materials to the site; stockpile materials and excavated soils; machine or
fabricate materials; handle construction and demolition waste and related byproducts; handle and
manage special and hazardous wastes.

= Store and stockpile construction-related materials and equipment (e.g., excavated soil, steel pipes,
concrete, piping and fencing, steel supports and beams, electrical wiring, dry wall materials, floor tiles
and related building supplies).

» Routine maintenance to include pipeline pigging operations on a periodic basis at the TRPS and the
proposed CRPS for two, 108-inch (9-foot) diameter pipelines and pump station to maintain water flow.

= Withdraw water from the lower Trinity River in the amount of 230 MGD through 2025 and 450 MGD
after 2025.

* Remove aquatic vegetation including invasive plant species such as giant salvinia, as needed, from the
canal to maintain desired water flow.

= Repair and maintain an approximate 3-mile-long pipeline and 18.5-mile long canal conveyance
(Alternative 3A) including reconstructing side slopes with minor slumps and cracks, and maintaining the
water flow structures, siphons, fencing, roads, flow gates and ancillary equipment.

= Repair and maintain the approximate 24-mile-long pipeline (Alternative 4) and the approximate 20-mile
long pipeline conveyance structure and pumping/electrical facilities including those needed to maintain
flow—maintain the existing TRPS, SCADA system, pump bays, six pumps, ancillary structures, siphons,
fences, access roads, sedimentation basins, flumes, flow gates/stations, maintenance buildings, and
associated necessary equipment.

= Store and manage appropriately the sediment removed from the Trinity River onsite and at the
sedimentation basin.

= Provide sanitary and solid waste management, storm water and pollution prevention planning, and
water and wastewater disposal; control construction noise and dust at the proposed CRPS discharge
location and the proposed equipment maintenance building.

= Coordinate travel time and distance between construction worker residences, pump station operators’
residences, facility maintenance workers, construction work sites and the location of long-term job sites
including the CRPS, canal or siphon structures, pipeline excavation areas, and the proposed
maintenance facilities.

= Cleanup, site restoration, mitigation of unavoidable effects to aquatic and other resources including
erosion protection at the outfall and intake structures in compliance with applicable federal and state
regulations and guidelines and specific requirements of necessary project permits.

The focus of the environmental impact evaluation is to compare how each of the alternatives affects each
of the resources. The environmental impacts evaluation includes a wide range of resources including
water quality, recreation, wildlife, sensitive species, aquatic resources, vegetation, wetlands,
socioeconomics, and cultural resources. The methods for the evaluation vary depending on the resource
and include quantitative and qualitative assessments. For example, water quality is addressed
guantitatively with the use of models to predict changes in water quality that would result from the
interbasin transfer of water to Lake Houston, while the effect on recreational users of Lake Houston or the
Trinity River may be addressed qualitatively. The area with potential direct effects for physical and
biological resources, such as topography, soils, air quality, water resources, and floodplains, is the
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immediate vicinity of the project right-of-way (ROW) in areas that clearing, grading, excavation,
construction, and dewatering would occur and the proposed mitigation property (Chapter 6). The
potential impact area for socioeconomic resources is generally described on a regional basis as the
Houston metropolitan area and represents the TWDB’s Region H water planning boundaries
(Figure 4-1).

A variety of tools were used to assess potential environmental consequences of the action and No Action
alternatives. Geographical information system (GIS) was used to combine a base map of the area with
data sets representing resources such as soil types, vegetation/habitat types, and wetlands to determine
the acreages affected under existing conditions and under each of the alternatives. To determine the
behavior of sedimentation at the proposed pump station or discharge structure, hydrodynamic
geomorphology modeling was performed. Hydrology is a key parameter for the evaluation of
environmental and instream flow requirements. Water level fluctuations based on flow data obtained at
established monitoring stations illustrate existing flows and projected low and high flow scenarios under
various regulatory scenarios developed to meet requirements of Senate Bill 3. These and similar
graphical illustrations provide an understanding of the effects of the proposed project on environmental
flow requirements. The discussions provided in this chapter on environmental consequences also
provide greater detail about the specific methodologies used to assess impacts on each resource.

Operations for the proposed action alternatives would include pipeline and canal maintenance such as
repair, nuisance and exotic aquatic species removal, maintaining and mowing the canal berms, pipeline
pigging, and sediment management. An approximate 3,000-acre property owned by the Applicant is
proposed for mitigation for unavoidable impacts to aquatic species for the implementation of

Alternative 3A, Alternative 4 or Alternative 6. Facilities constructed or installed within the boundaries of
the mitigation property to be conveyed to the Trinity River National Wildlife Refuge (TRNWR) include dual
108-inch (9-foot) diameter below-ground pipelines, pipeline or CPRS maintenance or access roads,
electrical power distribution system, a sedimentation basin and sediment storage area, and the beginning
of the canal section (Alternative 3A) that adjoins the sedimentation basin within the proposed 300-foot
canal ROW. For Alternative 4, the facilities within the proposed mitigation property would include dual
108-inch (9-foot) diameter below-ground steel pipes, electrical power distribution system, and
maintenance or access roads. Facilities constructed to implement Alternative 3A or Alternative 4 within
property conveyed to the TRNWR would be owned by the Applicant. These facilities would be fenced
and locked with warning signs while access would be denied to the public and USFWS staff. There
would be designated crossings to provide access to the proposed mitigation site for the public and
USFWS staff after property transfer to the TRNWR. In addition, it is likely that oil and gas drill locations
would be established by the USFWS within the mitigation property as needed to meet the obligations to
the owners of the mineral rights. As planned, the USFWS would manage the mitigation property along
the Trinity River and the Applicant would not incur further mitigation or monitoring responsibilities
associated with proposed project permitting.

The magnitude, duration and intensity of potential environmental consequences of the proposed action
alternatives and No Action are based on a comparison to regulatory standards, criteria, Executive Orders,
and laws, best available data analysis, scientific documentation, and professional judgment applied to the
analysis by resource specialists. Mitigation or modification measures may be identified in this chapter to
manage or reduce potentially adverse consequences. Other projects are expected to take place in the
project vicinity regardless of which action or no alternative is implemented. These projects are included in
the environmental analyses to ensure consideration of potential cumulative effects. These other projects
would be completed at different times throughout the study period. The potential cumulative
environmental effects from these past, present and reasonably foreseeable projects are presented in
Chapter 5 of this DEIS. Proposed project mitigation is presented in Chapter 6.

The No Action Alternative is considered by this study consistent with Council on Environmental Quality
(CEQ) regulations implementing the National Environmental Policy Act (NEPA). The No Action
Alternative is described in Chapter 2.3 of this DEIS. The No Action Alternative assumes that the
Applicant would not receive authorization under Section 404 of the Clean Water Act to fill approximately
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203 acres of waters of the United States, including wetlands, in order to construct and implement the
LBITP and that Houston would be unable to provide sufficient water to meet municipal water demand for
the Houston extraterritorial jurisdiction (ETJ) from 2020 onward. No Action is the ‘no build’ alternative.
Water supply strategies developed through regional water planning efforts initiated by the State of Texas,
such as constructing the Allen’s Creek reservoir and additional interbasin transfers, were identified in the
2011 Region H Regional Water Plan (RWP) and area described as ‘needed’ to meet Houston area’s
water demand through the planning horizon of 2060. The Region H RWP has considered a
comprehensive set of measures to manage water supply.

The critical lack of additional available surface water in the San Jacinto River watershed is recognized by
the Region H RWP. The conclusion reached through the consensus regional water planning process is
that the interbasin water transfer from Lake Livingston to Lake Houston via the Trinity River is essential to
meeting the forecasted demand even if the water supply or conservation (drought management)
strategies are implemented.

USACE's decision will be to issue, issue with modification or deny the DA permit submitted by the
Applicant for implementing the proposed action which is the proposed LBITP. As described by Chapter 2
of this DEIS, the No Action Alternative is described for by three possible scenarios. All three scenarios
are predicated on a No Action Alternative (‘no build’) that assumes the Applicant, as an agent for
Houston, would not receive authorization under Section 404 of the Clean Water Act to fill approximately
203 acres of waters of the United States, including wetlands, to construct and implement the LBITP.
Without the construction and implementation of the LBITP, Houston would not be able to meet their
contracted demand allocations (projected long-term water supply requirements identified by the 2011
Region H Regional Water Plan (RWP) and the 2012 State Water Plan), and would not be able to meet
mandated groundwater conversion to surface water supply sources to control area subsidence by the
mandated conversion dates imposed by Harris-Galveston Subsidence District (HGSD) and the Fort Bend
Subsidence District. The No Action Alternative would result in Houston being unable to use surface water
to meet the Houston area needs starting in 2020. Lake Houston, the water supply reservoir on the

San Jacinto River, east of Houston, would continue to supply surface water to Houston although by 2020
would not be able to meet projected water demand.

The first scenario described as a component of the LBITP No Action Alternative is summarized below:

= Under this alternative, future water demands would be through continued diversion from the Trinity
River from the existing Trinity River Pump Station (TRPS) that would be expanded to accommodate the
facilities and equipment necessary to provide for the increased withdrawals. Raw water would be
conveyed from the TRPS to the existing East Water Purification Plant (EWPP) and Southeast Water
Purification Plant (SEWPP) through existing conveyance facilities and through an underground pipeline
to the Northeast Water Purification Plant (NEWPP) for treatment and distribution. The environmental
consequences analyses of this No Action component are organized by resource topic and are identified
as Action Alternative 6 and provided in the appropriate subsections of the LBITP DEIS Chapter 4.

The second scenario described as a component of the LBITP No Action Alternative is summarized below:

= With this No Action approach, Houston’s future increased water demands would be met by other
regional alternatives for water supply and supplies would be provided from other sources rather than
Lake Livingston. The Region H RWP includes water management strategies which could potentially
reduce demands on NEWPP and Houston’s overall northeast and northwest service areas including
such strategies as Allen’s Creek Reservoir, industrial wastewater reuse for the Houston Ship Channel
area, desalinating coastal waters, and, as an alternative strategy, interbasin transfers for existing water
supplies from East Texas. Except for interbasin transfers from existing East Texas supplies, Region H
RWP provided data and analyses to demonstrate that these strategies would not provide water to meet
the water need identified by the City of Houston and that the suggested effort would not result in a
reliable water supply equivalent to available Trinity River supplies. The environmental consequences
analyses of this No Action Alternative component are therefore organized by resource topic and are
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identified as the No Action Alternative (i.e., No Build Alternative) and provided in the appropriate
subsections of LBITP DEIS Chapter 4.

The third scenario described as a component of the LBITP No Action Alternative is summarized below:

= Water demand would be managed to eliminate the need or delay the timing of the proposed LBITP.
Under this scenario, construction and implementation of the LBITP would either not occur or would be
delayed until some future time. The implementation of this scenario includes delaying the need for
water within the NEWPP service area and also reducing the need for water by implementing aggressive
water conservation measures or through substantial wastewater reuse programs. However, the
environmental consequences analyses of this No Action Alternative component are organized by
resource topic and are identified as the No Action Alternative (i.e., ‘No Build’ alternative) and provided in
the appropriate subsections of this DEIS.

These strategies would involve fundamental changes to water supply, water management, subsidence
control, conservation and drought management, and related programs involving hundreds of municipal
utilities and would directly and indirectly affect millions of people.

Water supply strategies such as constructing the Allen’s Creek reservoir and additional interbasin
transfers were identified in the 2011 Region H RWP and area described as ‘needed’ to meet Houston
area’s water demand through the planning horizon of 2060. The Region H RWP has considered a
comprehensive set of measures to manage water supply. The critical lack of additional available surface
water in the San Jacinto River watershed is recognized by the Region H RWP. The conclusion reached
through the consensus regional water planning process is transferring water from Lake Livingston to Lake
Houston via the Trinity River is essential to meeting the forecast demand even if the water supply or
conservation strategies are implemented.

The area with potential direct effects for physical and biological resources, such as topography, soils, air
quality, water resources, and floodplains, is the immediate vicinity of the project ROW in areas that
clearing, grading, excavation, construction, and dewatering would occur. The potential impact area for
socioeconomic resources is generally described on a regional basis as the Houston metropolitan area
and represents the TWDB'’s Region H water planning boundaries (Figure 4-1). The proposed LBITP
would require the following:

= Constructing new facilities

= Implementing security and safety measures

= Managing sediment

= Pipeline, utility, stream, wildlife and roadway crossings

= Providing electrical power

= Acquiring property for public use

= Constructing drainage crossings, outfall and ancillary structures

= Mitigating unavoidable project effects including shoreline and river bank erosion protection

= Acquiring and managing public project funds
Construction activities may or could include the following:

= Property acquisition using Houston real estate purchase policies or evocating eminent domain
= Developing and issuing necessary permits and project authorizations

= Clearing and grubbing

Establishing and using equipment laydown, staging and fueling areas within a permitted 300-foot ROW
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= Grading and contouring the land surface

» Trenching and backfilling

= Hydrostatic testing of pipelines

= Earth moving to facilitate canal, berm, access or service road and drainage ditch construction

= Water body crossings with siphon structures, drainage features, and similar types of construction

» Road, pipeline and utility easement crossings

» |nstalling or restoring existing irrigation and drainage structures and agricultural pump or reservoirs
» |nstalling security fencing and signage

= Constructing a maintenance facility

= Traffic management during construction

= Cleanup, site restoration, mitigation and erosion protection at the outfall and intake structures in
compliance with applicable federal and state regulations and guidelines and specific requirements of
necessary project permits

Operations for the proposed LBITP would include canal maintenance such as repair, nuisance and exotic
aquatic species removal from the canal, maintaining and mowing the canal berms, and sediment
management. As planned, the USFWS would manage the mitigation property along the Trinity River and
the Applicant would not incur further mitigation or monitoring responsibilities associated with Corps or
other permitting. Facilities constructed or installed within the boundaries of the mitigation property to be
conveyed to the Trinity River National Wildlife Refuge (TRNWR) property include the pipelines, the CRPS
and pipeline maintenance access roads, sedimentation basin and sediment storage area, and the
beginning of the canal section adjoining the sediment basin within the proposed 300-foot ROW. The
proposed LBITP facilities encompassed within the TRNWR boundaries would be owned by the Applicant.
These facilities would be fenced and locked with warning signs, and access would be denied to the public
and USFWS staff. There would be designated crossings to provide access to the proposed mitigation
site for the public and USFWS staff after property transfer to the TRNWR.

For purposes of the environmental consequences that would occur as a result of the Applicant’s and the
Corps’ preferred action alternative, Alternative 3A, it is assumed all Applicant-owned equipment would not
be operated simultaneously, and equipment needed for operating Alternative 3A would be stored at the
proposed maintenance facility or at property currently owned or operated by the Applicant.
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Figure 4-1:
Existing and Recommended Water Supply Reservoirs
as Shown in the 2012 State Water Plan
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For each impact category for which direct environmental consequences has been identified, the following
information is generally provided for each resource category:

= Background and method description (i.e., possibly the regulatory context, the thresholds of significance,
or the method used for effects analysis development)

= Alternative 1—No Action

= Alternative 3A—Impact assessment for Alternative 3A, Applicant’s Preferred Alternative
= Alternative 4—Impact assessment for Alternative 4

= Alternative 6—Impact assessment for Alternative 6

= |dentification of means to minimize effects or incorporate proposed mitigation measures

In addition to major components of the Applicant’s preferred and identified action alternatives, other
projects are expected to take place in the project vicinity regardless of which alternative is implemented.
These projects are included in the environmental analyses to ensure consideration of potential cumulative
effects. These other projects would be completed at different times throughout the study period. The
potential cumulative environmental effects from these past, present and reasonably foreseeable projects
are presented in Chapter 5 of this DEIS. Mitigation is provided in Chapter 6.

4.1 Geological Elements

4.1.1 Topography and Soils

The evaluation of potential impacts to the physical setting and physiographic resources considered
whether the proposed action or an alternative would cause any of the following conditions:

= Soil erosion or loss of topsaoil
= The direct conversion of prime and unique farmland to non-agricultural uses

= Bank failure or subsidence

Impacts to the physical setting were assessed based on map and field resource data. The primary
information about geology and soils was compiled using regional geology maps, the Liberty and Harris
County Soil Survey Reports, and Natural Resources Conservation Service (NRCS) soil data as available.
The environmental consequences discussed below addresses the potential impacts to the geology,
mineral resources, and soil quality. Certain impacts to the physical setting are related to other resource
concerns, specifically impacts from fugitive dust emissions and soil erosion; these effects are also
discussed in the Climate and Air Quality, Social and Economic Resources (i.e., mineral resources) and
Water Resources sections of Chapter 4.

The disturbance area describes the maximum area where potential impacts to the physical setting may
occur including permanent impacts from structures such as the foundations for the proposed CRPS
(approximately 90 acres in size) or the pump intake structure itself to be constructed along the west bank
of the Trinity River including pump bays and stabilization headwall, the approximate 10 acre maintenance
facility, linear access roads, siphon structures based on the final engineering design element to maintain
local hydrology, and proposed sedimentation basin(s). The magnitude of potential effects from increased
erosion or sedimentation and farmland acreage loss are defined by the disturbance area, while the
presence or absence of materials not suitable for excavation or construction (e.g., unstable bank deposits
or in areas with shifting currents or point bars) would determine the potential for erosion or sedimentation
and potential for failure or need to implement an appropriate design for the angle and type of pump
intakes to minimize effects to the opposite and adjoining/adjacent Trinity River shoreline/floodplain in the
vicinity of property owned by the USFWS and part of the National refuge system.
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4.1.2 Topography

Topographic effects include the potential land surface disturbance and alteration. The study area for
direct and indirect impacts encompasses the proposed LBITP ROW, including the proposed preserved
mitigation property. The topography cumulative effects study area is the same as the direct/indirect study
area (see Chapter 5).

4121 No Action

Under the No Action Alternative, the proposed LBITP would not be constructed or operated (‘build’
alternative). As a result, no construction activities would occur and there would be no impact or change in
baseline conditions related to topography with the exception of issues related to a potential increase in
subsidence caused by the continued use of groundwater supply sources. In addition under No Action,
topography within the proposed mitigation property would not be preserved. Lake Houston would
continue to operate as the City’s water supply and the NEWPP would not be expanded.

4122 Alternative 3A

The topography for Alternative 3A ranges from approximately 108 feet above MSL at the high point of
Capers Ridge to approximately 40 feet above MSL at the Lake Houston discharge structure. The
proposed ROW for the conveyance facilities totals approximately 1,005 acres and the CRPS totals
approximately 90 acres. The total acreage estimated for Alternative 3A including the 10-acre
maintenance facility is therefore approximately 1,105 acres.

Water in the proposed conveyance canal would flow by gravity from the topographic high point along
Capers Ridge to Lake Houston, a difference in topography of approximately 70 feet. The topography of
the study area has therefore positively and permanently benefited the project’s design and allowed for the
use of a low-cost, energy efficient, low-technology method (gravity flow) of transferring water from the
Trinity River to Lake Houston. The topographic resources for Alternative 3A have positively and
permanently benefited the project’s design and allowed for the use of a low-cost, energy efficient,
low-technology method of transferring water from the Trinity River to Lake Houston. The topographic
resources available to Alternative 3A therefore eliminate or reduce potential impacts to energy use,
energy conservation, and economics.

The location for the proposed Alternative 3A pipeline ROW and 300-foot wide easement was initially
based on information provided by the Alternatives Analysis Report (2007) developed by the Applicant.
Further refinement was provided for conveyance canal structure through the acquisition, processing and
interpretation of LIDAR data. The project-specific LIDAR data were used to identify the topographic high
areas representing the watershed divide in order to design/construction a conveyance structure that
would minimize the change to area hydrology while not increasing the potential for flooding within the
Cedar Bayou or Luce Bayou subwatersheds.

The topography of the study area, including the bathymetry of Lake Houston and along the Trinity River,
was also studied based on project-specific water quality, sediment, flow data acquisition, modeling, and
data analyses provided by individual reports, conclusions and recommendations.

Effects to and influences of topography and bathymetry have been and will continue to be incorporated
into design considerations in order to minimize potential project effects to topography, hydrology, the
potential to increase flood hazards, erosion, sedimentation, aesthetics, and bathymetry. Regional
topography would not be permanently affected by Alternative 3A and local effects would be minimized to
the extent possible using site-specific data collection and analyses incorporated into the final design for
the proposed LBITP. During construction, land surface grading would occur, and permanent localized
changes to topography or bathymetry may occur within the project footprint including at the discharge or
intake locations, along the 300-foot wide ROW (approximately 1,005 acres), at the CRPS (approximately
90 acres), and at the proposed maintenance facility (approximately 10 acres). The LBITP ROW would be
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re-contoured after construction and it is expected that the surface expression would be a 26.5 miles long,
linear, elevated or mounded/bermed, man-made surface feature.

The entire CRPS would be cleared and graded to facilitate the construction of the pump station and
effects to the local topography would permanently occur. In general, Alternative 3A facilities would be
similar in elevation to the surrounding landscape. In some areas, such as in the vicinity of existing
bermed agricultural reservoirs (as applicable) or area roadways, the proposed open water canal would be
elevated above the ground surface to maintain the existing land surface elevation.

4123 Alternative 4

The topography for Alternative 4 ranges from approximately 108 feet above MSL at the high point of
Capers Ridge (near the proposed CRPS) to approximately 56 feet above MSL at the Lake Houston
discharge structure. Water would be conveyed through dual, 108-inch (9-foot) diameter pipelines to Lake
Houston. The area that would be affected by Alternative 4 construction totals approximately 895 acres
(including the 10-acre maintenance facility). Topographic effects to the CRPS, a component of
Alternative 4, are discussed in the section above (Section 4.1.2.2).

Alternative 3A and Alternative 4 share project features including the construction of CRPS, pipeline
segment along Capers Ridge, and a proposed 300-foot ROW alignment extending across Liberty County
close to FM 321.

In the project vicinity of Alternative 4, the topography and bathymetry along the Trinity River was studied
based on project-specific water quality, sediment, flow data acquisition, modeling, and data analyses
provided by individual reports, conclusions and recommendations. Effects to and influences of
topography and bathymetry have been and would continue to be incorporated into design considerations
in order to minimize potential project effects to topography, hydrology, the potential to increase flood
hazards, erosion, sedimentation, aesthetics, and bathymetry. Regional topography is not expected to be
permanently and adversely affected by Alternative 4, although local effects would be permanent and
adverse. Although there would be efforts to minimize effects to local topography to the extent possible
using site-specific data collection and analyses incorporated into the final design, it is expected that the
300-foot-wide surface expression of two buried 9-foot in diameter water pipelines within the proposed
ROW would likely permanently result in adverse local topographic effects. During construction, land
surface grading would occur along access roads and fences; however, the mounded, mowed, and
maintained surface expression of the buried facilities (two, side-by-side 9-foot diameter pipes up to

15 feet deep) would permanently change local topography along the pipeline route extending for more
than is 15 miles across the north-central portion of Liberty County. The LBITP ROW would be
re-contoured after construction and it is expected that the surface expression would be 23.9 miles long,
linear, elevated or mounded/bermed, man-made surface feature.

Local bathymetric changes would also occur within the area of potential effect for the project
approximately 2,000 feet downstream of the CRPS. Permanent, localized, adverse effects of the LBITP
would occur within the project footprint including at the discharge or intake locations, along the
300-foot-wide ROW (approximately 1,005 acres), at the CRPS (approximately 90 acres), and at the
proposed maintenance facility (approximately 10 acres).

The entire CRPS would be cleared and graded to facilitate the construction of the pump station and
effects to the local topography would permanently occur. The topography of the study area, including the
bathymetry of Lake Houston and along the Trinity River, has been and will continue to be incorporated
into design considerations in order to minimize potential project effects to topography and hydrology and
that would increase the potential for flood hazards, erosion, sedimentation, aesthetics, and bathymetry.
Regional topography would not permanently or adversely affected by Alternative 4. During construction,
land surface grading would occur, and permanent localized changes to topography or bathymetry may
occur within the project footprint including at the discharge or intake locations, and along the
300-foot-wide ROW (approximately 885 acres). In general, Alternative 4 facilities would not permanently
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affect regional topography, although permanent adverse topographic effects would occur in the area
along the pipeline conveyance route.

4124 Alternative 6

The topography for Alternative 6 ranges from approximately 50 feet above MSL at the high point of
Capers Ridge to approximately 43 feet above MSL at the Lake Houston discharge structure. Water
would be pumped through two, 108-inch (9-foot) diameter pipelines between the existing TRPS and

Lake Houston. The area that would be affected by Alternative 6 construction totals approximately

735 acres, including the 10-acre maintenance facility. No additional construction within the existing TRPS
footprint itself would be expected during implementation of Alternative 6 although an evaluation of the
need for additional sediment storage and management areas would be conducted during final design.

The location for the proposed pipeline ROW and 300-foot-wide easement was based on information
provided by the Alternatives Analysis Report (2007) developed by the Applicant although the discharge
locations to Lake Houston were updated for Alternatives 4 and 6. Effects to and influences of topography
and bathymetry have been and would continue to be incorporated into design considerations in order to
minimize potential project effects to topography, hydrology, the potential to increase flood hazards,
erosion, sedimentation, aesthetics, and bathymetry. Regional topography is not expected to be
permanently affected by Alternative 6, although local effects would be permanent and potentially
significant. Although there would be efforts to minimize effects to local topography to the extent possible
using site-specific data collection and analyses incorporated into the final design, it is expected that the
300-foot-wide surface expression of two, buried 9 foot in diameter water pipelines within the proposed
ROW would likely permanently result in localized adverse topographic effects. During construction, land
surface grading would occur along access roads and fences; however, the mounded, mowed, and
maintained surface expression of the buried facilities (two, side-by-side 9-foot-diameter pipes up to

15 feet deep) would permanently change local topography along the pipeline route extending for more
than 10miles across the south-central portion of Liberty County. The LBITP ROW would be re-contoured
after construction and it is expected that the surface expression would be 21.4 miles long and would
appear as a linear, elevated, mounded, bermed, manmade surface feature.

Local bathymetric changes would also occur within the area of potential effect for the project for an
estimated minimum distance of 2,000 feet downstream of the existing TRPS (based on similar studies of
possibly comparable pump station intake structures). Permanent, localized, adverse effects of the LBITP
would occur within the project footprint including at the discharge or intake locations, along the
300-foot-wide ROW (approximately 725 acres) and at the proposed maintenance facility (approximately
10-acres).

4125 Mitigation

The greatest effect to topography for the regional study area has been evaluated for all three action
alternatives identified for implementation as the LBITP. All three alternatives exhibit the potential to
permanently affect, adversely change, or influence local topography and bathymetry of the lower Trinity
River and Luce Bayou/Lake Houston. In the LBITP vicinity, the topography and bathymetry along the
Trinity River would be studied using project-specific water quality, sediment, flow data acquisition,
modeling, and data analyses, reports, conclusions and recommendations that would be incorporated into
final design. Effects to and influences of topography and bathymetry have been and would continue to be
incorporated into design considerations in order to minimize potential adverse project effects to
topography, hydrology, the potential to increase flood hazards, erosion, sedimentation, aesthetics, and
bathymetry.

LBITP includes the permanent construction of below-ground pipeline and, for Alternative 3A, open water
above-grade canal structures, as well as construction of the CRPS or expansion/upgrade of the TRPS,
and potential effects to topographic resources would occur related to land surface changes to topography
and aquatic environment effects on bathymetry at the intake and discharge locations.
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The location for the Alternative 3A conveyance canal structure was based on interpreting LIiDAR data to
identify the topographic high areas that would represent the watershed divide in order to
design/construction a conveyance structure that would minimize the potential impacts to hydrology while
not increasing the potential for flooding within the Cedar Bayou or Luce Bayou subwatersheds. The
topography of the project area including Lake Houston and along the Trinity River have and will continue
to be incorporated into design considerations in order to minimize potential project effects to topography,
hydrology, the potential to increase flood hazards, erosion, sedimentation, aesthetics, and bathymetry.
For example, intake and discharge structures would be angled with respect to the river or lake shoreline
for all three action alternatives in order to minimize erosion and effects on sedimentation. During
construction, permanent localized changes to topography or bathymetry may occur within the project
footprint for all three action alternatives, including at the discharge or intake locations, and along the
300-foot-wide ROW.

For Alternatives 3A and 4, the CRPS would also be cleared, graded, and constructed and the design of
the CRPS intake structure would be refined through hydrodynamic geomorphic modeling conducted
during final design (see Appendix I). Flow deflection and potential adverse effects could be minimized or
eliminated through improvements made to intake structure during the final design process. Such
improvements include providing a gradual transition from the river bank to the edge of the intake structure
and/or pulling the intake structure back into the river bank such that it does not extend as far into the river.
Such improvements would minimize, or potentially eliminate the need for bank protection along the east
bank of the Trinity River. In addition to the location of the intake and upstream approach, refined design
to the intake apron would allow for optimization of the apron and reduce or eliminate the potential for toe
scour and undermining of the intake foundation. Future modeling could be used to demonstrate the
elimination of river scour on the east bank prior to construction.

Although the proposed pipeline alternatives (Alternatives 4 and 6) would be installed below-grade, the
ROW would be mounded, graded, mowed, and maintained thus also permanently affecting local
topography. In all cases, grading would occur to restore area topography to the extent possible after
construction; however it is anticipated that permanent changes to topography would occur within the
300-foot ROW. The LBITP ROW would be re-contoured after construction and it is expected that the
surface expression would range from 21.4 to 26.5 miles long, and would consist of a linear, elevated or
mounded, fenced land surface feature. During final design, the exact number and placement of hydraulic
flow conveyance structures (siphons and engineered drainage features) would be evaluated with the goal
of minimizing the potential for localized topographic effects and to minimize the potential for water
accumulation and flooding. Siphon structures and engineered drainage features would be installed to
maintain hydrologic connection related to surface topography for the proposed pipeline sections of the
LBITP to minimize the potential topographic and hydrologic effects of the constructed canal.

For Alternatives 4 and 6, effects to local topography and connectivity of drainage ditches and surface
water bodies or other drainage or irrigation features would be maintained to minimize effects to
topography and hydrologic resources. Sediment or soil erosion control measures in accordance with the
National Pollutant Discharge Elimination System (NPDES) and Texas Pollutant Discharge Elimination
System (TPDES) General Permit for Construction Activities would be implemented during the project’s
construction and operation to minimize discharging or moving stored sediment with storm water runoff
into area water bodies, wetlands or the proposed canal. A Storm Water Pollution Prevention Plan
(SWPPP) with Best Management Practices (BMPs) would be prepared as part of the LBITP discharge
elimination permitting for construction activities. The SWPPP would contain spill prevention and
response procedures meeting state and federal agencies requirements.
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413 Soils

Soils effects include the potential disturbance and alteration of native soil profiles and soil structure,
increased soil erosion and compaction, the loss of soil productivity, and change in infiltration rates and
associated groundwater recharge. Based on sediment studies conducted, it is not anticipated that project
soils would be contaminated with pollutants at concentrations requiring remedial action or regulatory
notice.

The study area for direct and indirect impacts for soils encompasses the proposed LBITP ROW, including
the proposed preserved mitigation property. The soils cumulative effects study area is the same as the
direct/indirect study area in addition to surface disturbance associated with past and present actions
within the prime farmland RSA (see Chapter 5).

4131 No Action

Under the No Action Alternative, the proposed LBITP would not be constructed or operated. As a result,
no construction activities would occur and there would be no impact or change in baseline conditions for
soils. Top soils and surface/subsurface soils would not be disturbed and there would be no increase in
the magnitude, intensity or duration of soil erosion or sedimentation that would occur, and no violation of
federal, state or local floodplain laws, Executive Orders, rules, or ordinances related to soils or soil
management would be expected. In addition under No Action, soils within the proposed mitigation
property would not be preserved.

4132 Alternative 3A

The proposed ROW for the conveyance facilities totals approximately 1,005 acres, the CRPS totals
approximately 90 acres, and the maintenance facility is approximately 10 acres in size. The total acreage
estimated for Alternative 3A is therefore approximately 1,105 acres. Incremental surface disturbance to
soil resources as a result of LBITP construction and operation would total up to 1,105 acres. Impacts
also may occur during surface reclamation when vegetative growth materials are redistributed. Potential
impacts to soils as a result of the Alternative 3A would include an increase in soil erosion due to the
removal of vegetation, an alteration of soil structure, and a reduction in soil productivity. Although
accelerated erosion due to soil disturbance could occur at any stage of the project, the maximum
potential for erosion within the study area would be expected during construction and operation while
soils are loose, with no established cover. The surface soils present within the Alternative 3A ROW are
predominantly clays and clayey loams.

Soils and geologic features are influenced by the broad, flat coastal plain on which is deposited the clayey
and sandy substrate of the Aluvium, Lissie, Beaumont, and Deweyville formations. During Alternative 3A
construction, surface and subsurface soils at depths up to 15 feet below surface (pipeline segment) would
be disturbed within the proposed ROW. The entire ROW would be cleared and graded and surface soils
would be mixed during construction. Soils excavated within the Alternative 3A ROW would be used
during construction and project preparation. To the maximum extent possible where required, material
excavated from the canal and pipeline cuts would be used as fill material. If suitable soils are not found,
they would be obtained from other sites within a reasonable haul distance from the project.

Soil compaction during construction would occur in areas that are heavily trafficked by vehicles and
equipment. Soil compaction also could occur during closure of the excavation if equipment travels on, or
handles, the soils when they are moist or wet. Native surface soils are loamy with moderate potential or
susceptibility for water erosion. In areas with heavy clay soil textures (with related structural, crusting and
compaction, and permeability limitations) there may exist a poor re-use suitability potential. In those
areas, suitable overburden would be salvaged during operations as a replacement for excavated topsoil
and subsoil of poor quality.
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There may be selective handling plans for soils and overburden developed, designed to provide for
segregation of sufficient oxidized material to provide a minimum 3-foot to 4-foot cover over pipeline
segments. Soil suitability for reuse or reclamation would be determined by a testing program.
Re-vegetation success would be determined in accordance with applicable procedures and standards
and as described by permit conditions. Re-vegetation success would be monitored through evaluation of
percent ground cover and productivity, as applicable, in relation to the site-specific post-project
construction land uses.

Detailed investigation of soils for use during construction would be conducted during the project’s final
design phase. Localized long-term and permanent soil disturbance would occur, although soils on a
regional basis would not be affected by the proposed project. Infiltration rates would increase due to the
balanced particle size distribution and result in reduced storm water runoff and increased groundwater
recharge. Mobile equipment (e.g., track hoes and end-dumps) would be used during construction of the
LBITP and during sediment removal and management. Physical characteristics of the removed sediment
from the Trinity River would be expected to represent fine sands or silts. The LBITP ROW would be
re-contoured after construction and it is expected that the surface expression would be a 26.5 mile long,
linear, elevated or mounded, man-made land surface feature.

41.3.3 Alternative 4

The surface soils present within the Alternative 4 ROW are predominantly clays and clayey loams It is
likely the entire ROW would be cleared and graded for the pipeline, CRPS, and maintenance facility
(approximately 895 acres). The soils and geologic features are influenced by the broad, flat coastal plain
on which is deposited the clayey and sandy substrate of the Aluvium, Lissie, Beaumont, and Deweyville
formations. During Alternative 4 construction, surface soils at depths up to 15 feet below surface
(pipeline segment) would be disturbed within the proposed ROW. Soils excavated within the Alternative 4
ROW would be used during construction and for burying the proposed pipelines. To the maximum extent
possible where required, material excavated from the pipeline cuts would be used as fill or cover material.
If suitable soils are not found, they would be obtained from other sites within a reasonable haul distance
from the project. Detailed investigation of soils for construction would be conducted during the project’s
final design phase. Localized long-term and permanent soil disturbance would occur, although soils on a
regional basis would not be affected by the proposed project.

4134 Alternative 6

The surface soil textures in Alternative 6 are predominantly clays and clayey loams. The soils and
geologic features are influenced by the broad, flat coastal plain on which is deposited the clayey and
sandy substrate of the Aluvium, Lissie, Beaumont, and Deweyville formations. During Alternative 6
construction, surface soils at depths up to 15 feet below surface (pipeline segment) would be disturbed
and mixed within the proposed ROW. It is likely the entire ROW and 735 acres, including the area of the
maintenance facility, would be cleared and graded. Soils excavated within the Alternative 6 ROW would
be used during construction and project preparation. To the maximum extent possible where required,
material excavated from the canal and pipeline cuts would be used as fill material. If suitable soils are not
found, they would be obtained from other sites within a reasonable haul distance from the project.
Detailed investigation of soils for construction would be conducted during the project’s final design phase.
Localized long-term and permanent soil disturbance would occur, although soils on a regional basis
would not be affected by the proposed project.

4135 Mitigation

The proposed LBITP alternatives could include the permanent construction of both below-ground pipeline
and open water above-grade canal structures, as well as construction of the CRPS, potential effects to
soils related to implementation of the LBITP focuses on surface soils and potential for erosion.

For all alternatives, surface grading, excavation filling and soil removal and/or mixing would occur during
construction of the LBITP. During operation, eroded soils generated from the sediments present in the
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water to be removed from the Trinity River would be generated, need to be removed via the
sedimentation basin and managed appropriately (stockpiled for future use or disposed of/managed
appropriately). Reclamation and the installation of erosion control measures and devices would minimize
erosion and the potential for sediment to leave the construction site. Sediment or soil erosion control
measures in accordance with the NPDES and TPDES General Permit for Construction Activities would be
implemented during the project’s construction and operation to minimize discharging or moving stored
sediment with storm water runoff into area water bodies, wetlands or the proposed canal. A SWPPP with
BMPs would be prepared as part of the LBITP discharge elimination permitting for construction activities.
The SWPPP would contain spill prevention and response procedures meeting state and federal agencies
requirements. Based on the planned implementation of erosion control measures during construction
(e.g., sediment control ponds, diversion ditches, silt fences, straw bales, and re-vegetation measures),
the potential for localized soil erosion as a result of the discharge of surface water from the construction
site is anticipated to be low to moderate and temporary.

414 Prime Farmland Soils

Prime farmland soils effects include the potential disturbance and alteration of native soil profiles and soil
structure, increased soil erosion and compaction, the loss of soil productivity, and change in infiltration
rates and associated groundwater recharge.

The study area for direct and indirect impacts for prime farmland soils encompasses the proposed LBITP
ROW, including the proposed preserved mitigation property. The prime farmland soils cumulative effects
study area is the same as the direct/indirect study area in addition to surface disturbance associated with
past and present actions within the prime farmland RSA (see Chapter 5).

414.1 No Action

Under the No Action Alternative, the proposed LBITP would not be constructed or operated. As a result,
no construction activities would occur and there would be no impact or change in baseline conditions
related to prime farmland soils. Prime farmland soils would not be disturbed and there would be no
increase in the magnitude, intensity or duration of prime farmland soil erosion or sedimentation that would
occur, and no violation of federal, state or local floodplain laws, Executive Orders, rules, or ordinances
related to prime farmland soils would be expected. In addition under No Action, prime farmland soils
within the proposed mitigation property would not be preserved.

41472 Alternative 3A

Prime farmland soils are prevalent throughout the study area and within the footprint and ROW needed
for the construction and operation of Alternative 3A. The proposed ROW for the conveyance facilities
totals approximately 1,005 acres, the CRPS totals approximately 90 acres, and the maintenance facility
totals approximately 10 acres in size. The total acreage needed for Alternative 3A is therefore
approximately 1,105 acres. Alternative 3A traverses agricultural areas that contain prime farmland soils.
The area is used for agriculture, ranching, and timber production.

Prime farmland soil impacts were analyzed for the project’s construction, operation and maintenance.
Constructing Alternative 3A would permanently convert existing farmland or prime farmland soils to
municipal water supply land use. Attempts to avoid prime farmland soils were made during project
planning. However, due to the large acreage of this resource in Harris and Liberty Counties, the project
would have an unavoidable, permanent direct effect on prime farmland soils and prime farmland soils, if
irrigated, within the Alternative 3A ROW and would affect approximately 746 acres. Table 4-1 presents
the direct impacts to prime farmland soils for Alternative 3A ROW.
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Table 4-1:

Prime Farmland Soils within the Alternative 3A ROW
MUSYM Name Acres
AdA Aldine silt loam, 0 to 2 percent slopes 40.70
Ae Aldine-Aris complex 97.89
An Anahuac-Aris complex 18.11
Ba Beaumont clay 236.01
Bd BERNARD CLAY LOAM 14.94
Be Bernard clay loam 2.51
Bm Bernard-Morey complex 189.06
Ka Kaman clay, occasionally flooded 1.42
LaA League clay, 0 to 1 percent slopes 16.74
LcA LAKE CHARLES CLAY, 0 TO 1 PERCENT SLOPES 62.66
Md MIDLAND SILTY CLAY LOAM (VERLAND) 15.62
My Mocarey-Yeaton complex 12.00
Oz Owentown fine sandy loam, occasionally flooded 1.25
SrB Spurger fine sandy loam, 0 to 2 percent slopes 8.88
VaA Vamont silty clay, 0 to 1 percent slopes 10.76
VaB Vamont clay, 1 to 3 percent slopes 3.75
Wa Waller loam 13.51

TOTAL | 745.80

4143 Alternative 4
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Prime farmland soils are prevalent throughout the study area and within the footprint and ROW needed
for the construction and operation of Alternative 4. The proposed ROW for the conveyance facilities
totals approximately 885 acres, the CRPS totals approximately 90 acres, and the maintenance facility
approximately 10 acres. The total acreage needed for Alternative 4 is therefore approximately 985 acres.
Alternative 4 traverses agricultural areas that contain prime farmland and is used for agriculture, ranching,

and timber production.

Prime farmland soil impacts were analyzed for the project’s construction, operation and maintenance.
Construction of Alternative 4 would permanently convert existing farmland or prime farmland soils to
municipal water supply land use. Attempts to avoid prime farmland soils were made during project
planning. However, due to the large acreage of this resource in Harris and Liberty Counties, the project
would have an unavoidable, permanent direct effect on prime farmland soils within the Alternative 4 ROW
and would affect approximately 686 acres. Table 4-2 presents the direct impacts to prime farmland soils

for Alternative 3A ROW.

Table 4-2:

Prime Farmland Soils within the Alternative 4 ROW
MUSYM Name Acres
AdA Aldine silt loam, 0 to 2 percent slopes 8.01
Ae Aldine-Aris complex 118.08
An Anahuac-Aris complex 2.39
Ba Beaumont clay 17.55
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Bm Bernard-Morey complex 132.06
Ka Kaman clay, occasionally flooded 0.27
LaA League clay, 0 to 1 percent slopes 46.72
LcA Lake Charles Clay, 0 to 1 percent slopes 107.37
Md MIDLAND SILTY CLAY LOAM (VERLAND) 48.51
My Mocarey-Yeaton complex 191.04
SrB Spurger fine sandy loam, 0 to 2 percent slopes 3.81
VaA Vamont silty clay, 0 to 1 percent slopes 2.27
Wa Waller loam 7.55

TOTAL | 685.62

4144 Alternative 6

Prime farmland soils are prevalent throughout the study area and within the footprint and ROW needed
for the construction and operation of Alternative 6. The proposed ROW for the conveyance facilities
totals approximately 725 acres and the maintenance facility totals 10 acres. The total acreage needed for
Alternative 6 is therefore approximately 735 acres because the existing TRPS is already constructed
thereby representing baseline conditions. Alternative 6 traverses agricultural areas that contain prime
farmland and is used for agriculture, ranching, and timber production.

Prime farmland soil impacts were analyzed for the project’s construction, operation and maintenance.
Constructing Alternative 6 would permanently convert existing farmland or prime farmland soils to
municipal water supply land use. Attempts to avoid prime farmland soils were made during project
planning. However, due to the large acreage of this resource in Harris and Liberty Counties, the project
would have an unavoidable, permanent direct effect on prime farmland soils within the Alternative 6 ROW
and would affect approximately 618 acres. Table 4-3 presents the direct impacts to prime farmland soils
for Alternative 6 ROW.

Table 4-3:
Prime Farmland Soils within the Alternative 6 ROW
MUSYM Name Acres
Ae Aldine-Aris complex 9.79
Ba Beaumont clay 94.74
Bd BERNARD CLAY LOAM 60.89
Be Bernard clay loam 125.32
Bm Bernard-Morey complex 109.68
LaA League clay, 0 to 1 percent slopes 50.86
LAKE CHARLES CLAY, 0 TO 1 PERCENT
LcA SLOPES 91.21
mMd MIDLAND SILTY CLAY LOAM (VERLAND) 24.43
My Mocarey-Yeaton complex 13.26
Oa OZAN LOAM 25.86
VAMONT CLAY, 0 TO 1 PERCENT
VaA SLOPES 12.29

TOTAL | 618.32
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4145 Reduction and Mitigation of Potential Impacts

The greatest effect to prime farmland soils within the regional study area has been evaluated for all three
action alternatives; based on this analysis, the greatest change to prime farmland soils and agricultural
areas would be expected to occur for Alternative 3A. Since this alternative includes the permanent
construction of both below-ground pipeline and an open water, above-grade canal structures, as well as
construction of the CRPS, potential effects to prime farmland soils related to implementation of Alternative
3A would exceed those that would occur for Alternatives 4 and 6. This discussion regarding the reduction
and mitigation of potential impacts focuses on the potential effects related to the construction and
operation of Alternative 3A in order to provide the proper framework for understanding the range of
possible mitigation strategies that may be effective or considered for implementation.

In accordance with Farmland Protection Policy Act (7 USC Part 658), and considering Part 658.5,
farmland assessment criteria were developed by the Secretary of Agriculture in cooperation with other
Federal agencies. Farmland assessment criteria are considered and evaluated using a scoring system
provided by Natural Resource Conservation Service (NRCS) Form CPA-106. Farmland assessment
criteria are considered in two parts (1) the land evaluation criterion/relative value and (2) the site
assessment criteria.

The land evaluation criterion addresses permanent and direct farmland soil loss and is based on
information from several sources including soil surveys; NRCS field office technical guides, soil potential
ratings or productivity ratings, land capability classifications, and important farmland determinations.
Based on this information, groups of soils within a local government's jurisdiction will be evaluated and
assigned a score from 0 to 100, representing the relative value, for agricultural production, of the farmland
to be converted by the project, as compared to other farmland in the same local government jurisdiction.

The site assessment criterion include a number of considerations which are designed to supplement the
information gained about farmland soil loss during the land evaluation and relative value part of the
farmland assessment. The site assessment criteria make it possible to assess the project in a broader
context by taking into consideration numerous factors such as the history of agriculture in the area and
the potential impact to agriculture based economics and infrastructure.

These criteria help to assess what the project means to the agricultural future of the area, and the
project’s role in promoting non-agricultural use; the potential for interference with land patterns which
would result in remaining land becoming fragmented and non-farmable. They identify:

= State and local government policies as well as private programs that protect area farmland
= The size of area farms relative to average-sized farms in the county

= The presence of farm support services and markets, (i.e., farm suppliers, equipment dealers,
processing and storage facilities and farmer's markets)

» The presence of substantial on-farm investments, such as barns, storage buildings, fruit trees and
vines, field terraces, drainage, irrigation, waterways, and soil and water conservation measures

= The potential for the project to reduce the demands for these farm services, jeopardize their existence,
and impact viability of other farms in the area

Farmland scoring on NRCS Form CPA-106 is based upon a possible 260 points. Projects receiving
scores totaling less than 160 points are given a minimal level of consideration for protection, and typically
require no coordination with the NRCS. For each criterion a score is given on a scale of 0 to a maximum
number of points. Scoring decisions are made through research and examination of the site and the
surrounding area. Where one given location has more than one design alternative, each design is
considered as an alternative site. For this project, the Alternative 3A was subjected to the farmland
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scoring criteria on NRCS Form CPA-106 as was Alternative 1—No Action Alternative, so a comparison
could be made on their relative impact to farmland in the study area.

Using NRCS Form CPA-106, both Alternative 3A and the No Action Alternative scored 55 out of a
possible 260 total points. A score of 55 that is well below the 160 point recommended allowable level for
determining when adverse impacts may occur as a result of project-related construction, operation, and
maintenance activities. The construction, operation, and maintenance of Alternative 3A would
permanently and directly impact more than 140 acres of active and formerly active agricultural lands;
however, the project is not anticipated to adversely impact overall agricultural services and operations in
the study area. The low scoring site assessment outcome is the result of efforts made during the project
planning process to follow existing property boundaries as possible. With the exception of the alignment
of Alternative 3A along the property owned by the Stoesser Family, Inc. (Parcels 22 to 33), the proposed
alignment for Alternative 3A was developed along existing property boundaries where possible to
minimize the isolating or fragmentation of communities, operating farms or agricultural or commercial
properties. The Alternative 3A alignment through prime farmlands and prime farmland soils resources
present at property owned by Stoesser Farms, Inc. was refined to provide the following benefits:

= Avoidance of the agricultural reservoir in the northern portions of Parcels 28 through 32, thereby
eliminating unavoidable impacts to this reservoir that would have reduced the volume, decreased the
capacity, permanently removed ancillary irrigation and drainage equipment from that location, and
would’ve caused the reconstruction and restoration of the northern reservoir berm and the existing
water bird rookery.

= Elimination of the need to remove and permanently relocate a large-scale farming irrigation pump and
ancillary irrigation facilities and the farming irrigation canal that extends from the reservoir.

= Minimization of direct, permanent impacts to drainage ditches that convey irrigation water and storm
water runoff away from the adjoining farm fields.

= Comply more closely with identified subwatershed drainage boundaries (based on flow line directional
maps) in order to construct the proposed canal along the hydrologic drainage divide in order to avoid,
reduce and minimize the effects on the local hydrology in the vicinity of the farm and to reduce,
potentially eliminating, the potential for an increase of localized flooding or surface water runoff, water
ponding, water flushing, or a direct effect to the water retention/functioning of the contoured terraces of
the adjoining fields.

= Avoidance of the replacement of landowner’s infrastructure associated with Stoesser Farms, Inc.
operations and facilities (e.g., roads, gates, ditches, fences, sighage, GPS stations, culverts, gates,
crossings, etc.).

4.1.5 Geology and Groundwater

Environmental effects of the LBITP associated with geology and groundwater resources include
topographic changes to the project area, the potential for disruption from geologic hazards, and the
effects of mining or over-pumping of groundwater resources in the study area. The study area for direct
and indirect impacts to geology and groundwater encompasses the area within the Region H RWP
boundary, proposed LBITP ROW, proposed and existing pump stations and IBT discharge locations, and
the area of the mitigation property. The geology and groundwater cumulative effects study area
encompasses the area of direct effects (Chapter 5).

4151 No Action

Under the No Action Alternative, the proposed LBITP would not be constructed or operated. As a result,
no construction activities would occur and there would be no impact or change in baseline conditions
related to geology and groundwater with one exception. There would be an increase in the magnitude,
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intensity or duration of groundwater withdrawal rates under No Action as Houston uses groundwater to
meet contracted water demands and needs of the Region H populations rather than surface water
sources. The subsidence district requirements to reduce pumping of groundwater within Harris,
Galveston, Montgomery, and Fort Bend Counties, Texas would not be met which would result in
violations and resulting user fees that would be needed using public monies (varies by subsidence district
plan. In addition under No Action, geology and groundwater sources (springs, bayous, streams, seeps)
would not be preserved at the proposed mitigation property.

4152 Alternative 3A

The surface geology within the Alternative 3A ROW consists predominantly of Quaternary Age relict
alluvial, deltaic and coastal deposits which have been uplifted to form topographic river terraces and
modem alluvial deposits occurring along the Trinity River, Cedar Bayou, Gillen Bayou, and Luce Bayou.
Shallow sediments include clays and silty clays interbedded with discontinuous layers of silts and sands.
The project’s construction, operation and maintenance would not be expected to have a direct or
permanent effect on regional geology.

The Gulf Coast aquifer was deposited in a manner that resulted in interbedded sand and clay layers with
a substantial thickness of sand that contains good quality water. Large fresh water quantities extend to
1,800 feet below sea level, and this aquifer has been used over the past 100 years. Pumping large water
guantities from this aquifer has caused the potentiometric head of the aquifer to decline from between 50
and 350 feet in Region H RWP boundary. By implementing the proposed project, regional groundwater
resources would directly and indirectly permanently benefit through conversion to surface water supply
sources. Alternative 3A’s construction, operation, and maintenance would not be expected to affect
groundwater availability in the project area. Subsidence is discussed in Section 4.1.6.

4153 Alternative 4

The surface geology within the Alternative 4 ROW consists predominantly of Quaternary Age relict
alluvial, deltaic and coastal deposits which have been uplifted to form topographic river terraces and
modem alluvial deposits occurring along the Trinity River, Cedar Bayou, Gillen Bayou, and Luce Bayou.
Shallow sediments include clays and silty clays interbedded with discontinuous layers of silts and sands.
The project’s construction, operation and maintenance would not be expected to have a direct or
permanent effect on regional geology.

The Gulf Coast aquifer was deposited in a manner that resulted in interbedded sand and clay layers with
a substantial thickness of sand that contains good quality water. Large fresh water quantities extend to
1,800 feet below sea level, and this aquifer has been used over the past 100 years. Pumping large water
guantities from this aquifer has caused the potentiometric head of the aquifer to decline from between 50
and 350 feet in Region H RWP boundary. By implementing the proposed project, regional groundwater
resources would directly and indirectly permanently benefit through conversion to surface water supply
sources. Alternative 4’'s construction, operation, and maintenance would not be expected to affect
groundwater availability in the project area. Subsidence is discussed in Section 4.1.6.

4154 Alternative 6

The surface geology within the Alternative 5 ROW consists predominantly of Quaternary Age relict
alluvial, deltaic and coastal deposits which have been uplifted to form topographic river terraces and
modem alluvial deposits occurring along the lower Trinity River, Cedar Bayou, and Goose Creek.
Shallow sediments include clays and silty clays interbedded with discontinuous layers of silts and sands.
The project’s construction, operation and maintenance would not be expected to have a direct or
permanent effect on regional geology.
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The Gulf Coast aquifer was deposited in a manner that resulted in interbedded sand and clay layers with
a substantial thickness of sand that contains good quality water. Large fresh water quantities extend to
1,800 feet below sea level, and this aquifer has been used over the past 100 years. Pumping large water
guantities from this aquifer has caused the potentiometric head of the aquifer to decline from between 50
and 350 feet in Region H RWP boundary. By implementing the proposed project, regional groundwater
resources would directly and indirectly permanently benefit through conversion to surface water supply
sources. Alternative 6’s construction, operation, and maintenance would not be expected to affect
groundwater availability in the project area. Subsidence is discussed in Chapter 2 and below in

Section 4.1.6.

4155 Reduction and Mitigation of Potential Impacts

LBITP is the Interbasin transfer of surface water to provide needed water to the metropolitan Houston
area. The greatest effect to geology and groundwater resources would occur if the No Action Alternative
would be implemented. Possible mitigation strategies that may be effective or considered for
implementation to reduce and mitigation potential impacts of No Action would be the responsibility of
others and are therefore not identified for implementation by the Applicant.

4.1.6 Subsidence

Environmental effects of the LBITP associated with subsidence would include the area that would
experience changes (decrease) in land surface elevation as a result of increased groundwater
withdrawals within the project area. Sea level rise (climate change) combined with subsidence would
tend to increase the land area that would experience the land elevation decrease (i.e., subsidence)
caused by an increase in the groundwater withdrawal rate and subsequent compaction or collapse of the
aquifer’s interstitial pore space/granular structure as stored water is removed from the aquifer and not
replenished at a sufficient recharge rate to meet water pumping rates caused by public water demands.
Under No Action, there is strong scientific evidence that subsidence would occur and the rate of
subsidence would increase since there would be an increased demand for the use of groundwater
withdrawals for water supply under No Action.

Subsidence increases the frequency and intensity of flooding and increases the amount of land subject to
tidal inundation. Hurricane evacuation routes are made vulnerable by being flooded far in advance of
approaching storms. Another widespread consequence of subsidence is the alteration of natural and
engineered drainage ways by reducing or increasing pre-existing gradients. Reduced gradients decrease
the drainage rate and thereby increase the chance of flooding by storm water runoff. Enhanced gradients
may increase runoff velocities locally, but may increase flooding chances downstream. Changed
gradients can also alter stream flow characteristics leading to channel erosion and sediment deposition.
Figure 1-1 shows Area 3's Historical and Predicted Subsidence from 1906 to 2030 (HGSD 2011).

Wetland losses due to subsidence are varied and cause significant effects to area stream and bay
fisheries. It is estimated 26,000 acres of emergent wetlands in the Galveston Bay system have been lost
due to subsidence impacts on shorelines (USGS Galloway et al. 1999). Once destabilized, shorelines
may not rebuild completely due to a variety of other causes including sediment loss due to reservoir
construction on the riverine systems flowing into Galveston Bay, and relative sea level rise exacerbated
by subsidence, which drowns shoreline marsh vegetation. The combination of these man-induced
changes and natural processes results in reduced wetland habitat, which is the foundation for commercial
and recreational fisheries (USGS Galloway et al. 1999).

The extent of subsidence continues to be monitored using increasingly precise technology such as radar
interferometry (Buckley et. al. 2003). One of the many efforts to quantify subsidence extent was
accomplished by USGS scientists who provided the following description:
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By 1943 subsidence had begun to affect a large part of the Houston area although the
amounts were generally less than 1 foot. By the mid-1970s, six or more feet of
subsidence had occurred throughout an area along the Ship Channel between Bayport
and Houston, as a result of declining groundwater levels associated with rapid industrial
expansion. During this time, subsidence problems took on crisis proportions, prompting
the creation of the Harris-Galveston Subsidence District. By 1979 up to 10 feet of
subsidence had occurred and almost 3,200 square miles had subsided more than 1 foot.
(USGS Galloway et. al. 1999).

Earlier estimates indicate between 1947 and 1973, approximately 4,700 square miles of land surface had
subsided by at least 0.5 feet, primarily in Houston-Galveston area’s southeastern portions (Brown and
Root Engineers 1979).

Subsidence’s cost has been evaluated in various ways. One estimate placed the annual cost of
reclaiming land, elevating structures including roadways and relocating other infrastructure, and
constructing levees for the period 1969 to 1974 at over $90 million annually in 1998 dollars. Restoring
dock and wharf facilities along the Houston Ship channel, and repairing damages to refineries has been
estimated at over $340 million (1998 dollars). Other estimates for infrastructure damage and structural
damage to residences and businesses across subsidence-affected areas are in the billions of dollars.
The cost for wetland losses and resulting impacts to fisheries has not been estimated

(USGS Galloway et al.1999).

Implementing the 1976 Subsidence District plan caused Galveston Bay industries to convert from using
groundwater to using surface water from Lake Livingston in the Trinity River basin. Baytown and
Pasadena land areas began to recover from some problems caused by subsidence as a result of the
conversion. Surface water supplied from Lake Houston in the San Jacinto River basin plus additional
water from Lake Livingston led to slowed and halted water level declines and to water level recovery over
a large area. The Houston’s eastern areas have seen less subsidence since the conversion, but areas in
the western part of Houston (Area 3 on Figure 1-2) have experienced accelerated subsidence because
groundwater use is not as restrictive. The Fort Bend Subsidence District (created in 1989) has also
developed a regulatory action plan which would reduce that county’s groundwater pumpage by

80 percent by 2020.

Figure 1-2 shows Areas 1, 2 and 3 Conversion Requirements in the 2009 Surface Water Conversion
Plan. Generally, Houston’s metropolitan areas and surrounding communities and industrial land uses are
being regulated in their groundwater use with the view to transition to surface water supplies. Various
areas have different transition or conversion objectives, but stopping subsidence by eliminating or
significantly reducing groundwater use is the principal goal. Regulating groundwater use in the Houston
region is a scheduled process, with each numbered regulated area of the region carefully monitored in its
ground and surface water use as shown in Figure 1-3 (HGSD 2011).

As of 2010, the conversion to surface water in Regulatory Area 1, which includes Galveston, Brazoria,
and coastal areas of Harris Counties, was almost complete. Regulatory Area 1 pumped at least

140 MGD in 1976; by 2010 this amount had decreased to less than 9 MGD. Area 2, which encompasses
southeast, south central and parts of west and southwest Harris County, had pumped almost 40 MGD in
2010, which is a significant reduction from previous decades. During the 1970s through the early 1990s,
this area was withdrawing more than 120 MGD on the average, and major reductions were not realized
until the early 2000s. Regulatory Area 3 pumped more than 195 MGD in 2010, which reflects this area’s
lack of surface water availability. The water contracts between Houston and the various water authorities
with jurisdiction in Area 3 would allow this area to significantly reduce groundwater use and thereby
reduce the ongoing effects of subsidence.

Supplementing Lake Houston with previously permitted water in Lake Livingston would help Houston
meet the contracted volumes for Regulatory Areas 2 and 3. At the same time, the additional water supply
appears to affect Area 3's groundwater use in 2020, when this water will be available to the water
authorities. In 2010, the public water supply demand in Area 3, sourced by groundwater, was calculated
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to be 178 MGD (HGSD 2011). Each of the Area 3 water authorities has contracted with Houston to
provide 221 MGD of treated water by 2020. This will require the supplemental supply from the Trinity
River and Lake Livingston. If Area 3 maintains or only slightly decreases groundwater pumpage between
2011 and 2020, the new infusion of surface water would effectively eliminate the need to use groundwater
for public supply. This calculation does not consider other groundwater uses such as industry or
agriculture. Based on studies conducted, the proposed LBITP would contribute substantially to a
decrease in groundwater use in the Regulatory Area 3 (Houston 2011; HGSD 2011).

416.1 No Action

Under the No Action Alternative, the proposed LBITP would not be constructed or operated. As a result,
no construction activities would occur. Baseline conditions related to subsidence in the LBITP ROW area
would likely not change with respect to subsidence for the foreseeable future. However, Houston would
likely continue to use groundwater sources for water supply sources and subsidence management plans
would not be met. Subsidence would therefore continue to occur in the Houston metropolitan area and
there would be an increase in the magnitude, intensity or duration of subsidence that would occur, and
local subsidence district plans for management of subsidence would not be implemented in a timely
manner. This would result in a potential violation of local requirements for change to surface water
supplies from groundwater resources. Due to continuation of subsidence, flooding may be exacerbated
in the Region H RWP area, and localized subsidence and flooding in central, western and northern Harris
County would continue, gradually increasing in intensity, duration, severity and recovery time as water
supplies are increased to meet forecasted population demand.

416.2 Alternative 3A, Alternative 4 and Alternative 6

Land surface subsidence (sinking) in the Region H planning area and in the vicinity of the proposed build
alternatives does occur when very large groundwater quantities are pumped from the Chicot or
Evangeline Aquifers for water supply. The amount of subsidence that has occurred in proximity to the
proposed LBITP alternatives in Liberty County and eastern Harris County, Texas is approximately 1 foot.
The major subsidence area occurs in outside of the area of potential effect for the action alternatives, in
western, central Harris County, southern Montgomery, and northern Galveston Counties where large
groundwater quantities have been pumped for decades for water supply.

One purpose for the LBITP is to meet the HGSD-mandated groundwater reduction plan to limit
groundwater use by Houston area municipalities to 20 percent of total demand by 2030. Significant land
subsidence has occurred in the region from excessive pumping from area groundwater aquifers. The
HGSD and the Fort Bend County Subsidence District have developed regulatory plans which mandate
reducing groundwater pumping starting in 2010 and 2013, respectively, and continuing through 2030.
LBITP is a cornerstone of the plans to reduce subsidence in the Houston area. Increased and interim
groundwater pumping in the region will continue to be monitored by groundwater regulatory agencies,
since excessive pumping can lead to land subsidence and exacerbate flooding and drainage problems.
Regional subsidence would be controlled and the area permanently benefitted by the planned conversion
from groundwater to surface water sources as part of LBITP’s planned construction, operation, and
maintenance. A direct, positive permanent regional beneficial effect to control area subsidence is
anticipated as a result of LBITP’s construction, operation, and maintenance.

The Gulf Coast aquifer was deposited in a manner that resulted in interbedded sand and clay layers with
a substantial thickness of sand that contains good quality water. Large fresh water quantities extend to
1,800 feet below sea level, and this aquifer has been used over the past 100 years.

Pumping large water quantities from this aquifer has caused the potentiometric head of the aquifer to
decline from between 50 and 350 feet in Region H. By implementing LBITP, regional groundwater
resources would directly and indirectly benefit through conversion to surface water supply sources.
LBITP’s construction, operation, and maintenance would not be expected to affect groundwater resources
in the project area with the effect that subsidence would continue to be managed in accordance with local
district plans.
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4.1.6.3 Mitigation

LBITP is the Interbasin transfer of surface water to provide needed water to the metropolitan Houston
area. Under the No Action Alternative, the proposed LBITP would not be constructed or operated. The
greatest effect to subsidence would occur if the No Action Alternative would be implemented. A possible
reduction in subsidence or mitigation strategies to reduce subsidence that may be effective or considered
for implementation would be the responsibility of others and are therefore not identified for
implementation by the Applicant. In addition, as subsidence would continue, the land surface elevation
would decrease and flooding may be exacerbated in the Region H RWP area. The responsibility to
manage or control effects of subsidence, including flooding, would be the responsibility of others under
the No Action Alternative.

4.1.7 Sedimentation and Erosion

Geomorphology is the geologic study of landforms and processes that affect landforms including
sedimentation and erosion. Changes in stream flow may affect erosion, sedimentation and other
processes that affect stream channel characteristics and stability. Hydrographic modeling would be
incorporated into final design activities to minimize and control these potential effects. Geomorphology is
a relevant topic associated with the effects from the proposed project due to potential changes in channel
stability which could occur with changes in stream flow. Reductions in channel stability could result in
eroding stream channels or banks, which could cause banks to collapse or change stream meander
patterns. Land owners and water users downstream from these changes could be affected (e.g.,
sedimentation could lead to reduced water quality or diversion capacity in diversion structures, and
erosion could cause property loss). Geomorphic indicators used in this analysis are:

= Sediment transport capacity at proposed withdrawal rates
= Grain size distribution for sediments removed from the Trinity River

= Potential changes to stream flow

The study area for direct and indirect effects to sedimentation and erosion encompasses the proposed
LBITP ROW, the lower Trinity River in the vicinity of the proposed CRPS and existing TRPS diversion
locations, the proposed three LBITP discharge locations that outfall to Lake Houston, and the area of the
mitigation property. The sedimentation and erosion cumulative effects study area encompasses the area
of prime farmland RSA (Chapter 5).

Environmental effects of the LBITP associated with sedimentation and erosion includes the area of the
proposed alternatives within the 300-foot ROW, the lower Trinity River for a distance of approximately
2,000 feet downstream of the CRPS and the TRPS diversion points, within approximately 1,000 feet of
the Lake Houston discharge locations, and the following watersheds: lower Trinity River, Cedar Bayou,
North Galveston Bay, and Galveston-San Jacinto River watersheds.

4171 No Action

Under the No Action Alternative, the proposed LBITP would not be constructed or operated. As a result,
no construction activities would occur and there would be no impact or change in baseline conditions
related to sedimentation and erosion. Sedimentation and erosion would not be altered or affected and
there would be no increase in the magnitude, intensity or duration of sedimentation or erosional effects
that would occur, and no violation of federal, state or local floodplain laws, Executive Orders, rules, or
ordinances would be expected. Lake Houston would continue to operate as the City’s water supply
reservoir and would provide sufficient water until 2020.
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4172 Alternative 3A

The area of direct influence for Alternative 3A for sedimentation and erosion includes the proposed
location of Alternative 3A facilities including roads, pipeline, canal, pump and discharge stations, the
sedimentation basin, maintenance facility and utility lines, and the lower Trinity River from the permitted
Capers Ridge diversion point to approximately 2,000 feet downstream from this proposed pump station
intake structure. The final pump station design would include engineering considerations and conducting
a modeling effort to minimize the direct long-term effect on the Trinity River and Luce Bayou banks and
sediments in the proposed diversion and discharge structures’ vicinity (see AECOM Technical
Memorandum dated March 20, 2012 in the Appendix I).

The location for the Alternative 3A conveyance canal structure was based on interpreting LiDAR data to
identify the topographic high areas that would represent the watershed divide in order to
design/construction a conveyance structure that would minimize the potential impacts to hydrology while
not increasing the potential for flooding within the Cedar Bayou or Luce Bayou subwatersheds.
Consideration of soils, topography, bathymetry and surface water within the project area, including Lake
Houston and along the Trinity River, has been and will continue to be incorporated into the final design to
minimize potential effects to topography, hydrology, the potential to increase flood hazards, erosion,
sedimentation, aesthetics, and bathymetry. For example, intake and discharge structures would be
angled and placed at an optimum depth with respect to the water surface to minimize sedimentation and
erosion. Design considerations would also include water surface elevations, fluctuations of the water
surface, the location, depth, type, stability, and thickness of the banks of the surface water bodies (river,
bayou, or lake) for all three action alternatives in order to minimize erosion and effects to sedimentation,
the ecological environment, and flow regime. All three alternatives transfer water from the lower Trinity
River to Lake Houston, the San Jacinto River watershed. The seven major tributaries that flow into Lake
Houston include Cypress Creek, Spring Creek, West Fork of San Jacinto River (West Fork), Caney
Creek, Peach Creek, East Fork of San Jacinto River (East Fork) and Luce Bayou.

During construction, permanent localized changes to bathymetry may occur at the discharge or intake
locations and to sediments in the area of potential effect upstream and downstream of the structures
installed within a surface water feature. For Alternatives 3A and 4, the CRPS would also be cleared,
graded, and constructed and the design of the CRPS intake structure would be refined through
hydrogeomorphic modeling to minimize the effects to sedimentation and erosion within the lower Trinity
River that would be conducted during final design. Baird conducted studies to evaluate the effects of the
proposed water withdrawal at the CRPS (Baird 2010; Appendix I) and the results are presented below.

Baird used an approach based on the annualized sediment budget analysis scenario developed by the
USACE, sediment budget data were annualized to represent typical flow conditions by integrating the flow
regime over the observed discharge frequencies identified after construction of Lake Livingston and
recorded at the USGS Romayor stream gauge (see Figures 4-2 and 4-3). Flow values listed along the
x-axis of these figures were chosen to represent the full range of flows over which water withdrawal would
occur (up to, and including, the 10 year event). In this analysis, only flow records from after the Lake
Livingston Dam was built were used for frequency analysis to best represent current and future
conditions. Flow releases from Lake Livingston were assumed in the frequency analysis to maintain
minimum flows of 700 cfs downstream of the intake. The 700 cfs minimum flow value was established to
estimate the impact that a minimum flow requirement would have on the sediment transport near the
proposed project site. For example, for a 400 MGD scenario, which equates to approximately 620 cfs,
the flow upstream of the diversion would not drop below 1,320 cfs because of release from Lake
Livingston. This provides a “worst-case” scenario analysis as additional flow releases produce the
greatest hydraulic stress on the river.

The results provided by a review of Figures 4-2 and 4-3 below show increase in sediment load at lowest
flow; this is due to the impacts of flow releases from Lake Livingston dam to maintain minimum instream
flow of 700 cfs. Additional analyses were conducted to provide an estimate of the percent change in
sediment load based on the anticipate withdrawal rates and the lower Trinity River flow regime

(Baird 2010).
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These figures show that the small increase in sediment load from the Lake Livingston releases are less
than 0.01 percent of the lower Trinity River sediment budget. For larger flows with no release from Lake
Livingston and constant withdrawal rates, the proposed withdrawal from CRPS slightly reduces the
downstream sediment load. The largest sediment load reductions for the 400 and 227 MGD scenarios
were approximately - 0.2 percent and - 0.1 percent, respectively, compared with baseline sediment load.

Figure 4-2:

Figure 4-3:
227 MGD Scenario
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41.7.3 Alternative 4

Although the proposed pipeline alternatives (Alternatives 4 and 6) would be installed below-grade, the
ROW would be contoured and permanently maintained thus permanently affecting the potential for
erosion of the land surface. In all cases, grading would occur to minimize erosion to the extent possible
after construction. In general, the Alternative 4 facilities would be constructed in a comparable landscape
conditions consistent with the surrounding land area in order to minimize effects on aesthetics and to
minimize the potential for an increase or change to the potential for sedimentation and erosion. During
final design, the exact number and placement of hydraulic flow conveyance structures (siphons or
drainage ditches) would be evaluated with the goal of minimizing the potential for localized flooding. For
Alternative 4, effects on sedimentation and erosion would be related to withdrawal of Trinity River water
and discharge into Lake Houston. With the exception of studies conducted for Alternative 3A that apply
to Alternative 4 pertaining to the CRPS and lower Trinity River, no site-specific studies have been
conducted to evaluate the potential effects of Alternative 4. Sediment would be generated by withdrawal
of surface water from the proposed CRPS, as discussed above for Alternative 3A. Sediment would be
managed onsite similar to those described for Alternative 3A.

41.7.4 Alternative 6

Although the proposed pipeline alternatives (Alternatives 4 and 6) would be installed below-grade, the
ROW would be contoured and permanently maintained thus permanently affecting the potential for
erosion of the land surface. In all cases, grading would occur to minimize erosion to the extent possible
after construction. In general, the Alternative 6 facilities would be constructed in a comparable landscape
condition consistent with the surrounding land area in order to minimize effects on aesthetics and to
minimize the potential for an increase or change to the potential for sedimentation and erosion. During
final design, the exact number and placement of hydraulic flow conveyance structures (siphons and
drainage ditches) would be evaluated with the goal of minimizing the potential for localized flooding. For
Alternative 6, effects on sedimentation and erosion would be related to withdrawal of Trinity River water
and discharge into Lake Houston. No site-specific studies have been conducted to evaluate the potential
effects of Alternative 6 and therefore qualitative analyses are not provided. Sediment would be generated
by withdrawal of surface water from the TRPS. Sediment would be managed onsite similar to existing
operations.

4.1.75 Reduction and Mitigation of Potential Impacts

The preliminary Lake Houston outfall design is illustrated by Section 404 IP Sheet 33. Water level control
structures would be designed and constructed along the canal to maintain the water elevation in the
canal. These structures are depicted by Sheet 37. The Lake Houston outfall or discharge structure will
transition the canal at a concrete drop structure and headwall along Lake Houston’s bank. The flow
would be conveyed through three 8-foot by 6-foot box culverts which would be diverted 36 degrees to the
south of the canal centerline near Lake Houston's bank. The diversion angle was modeled and selected
to minimize the effects from erosion and scour at the existing outfall location. The box culverts would be
constructed within Lake Houston’s banks, and would discharge below the average water surface
elevation at that location. The outfall structure would be underwater. The area immediately adjacent to
the outfall would be within a concrete basin or apron beneath the existing channel bottom and surrounded
by an underwater concrete weir. This basin and weir structure at the outfall to Lake Houston would
prevent lake-bottom scouring and erosion. Shoreline protection would also be required to prevent and
limit erosion during low water periods. Based on historical low water elevation information and existing
conditions, shoreline protection is recommended to be 60 feet upstream from the outfall location and

120 feet downstream from the outfall location. Based on the preliminary findings from the outfall erosion
investigation, the outfall was not anticipated to have an adverse effect on the opposite bank or islands
located within the existing outfall channel.
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During typical Alternative 3A canal flow conditions and canal water elevations, the potential for

Lake Houston bed scour is not significantly increased with the projected outfall volumes. However, during
a combination of low water levels in Lake Houston and maximum canal discharge rates, sheer stresses
within the outfall area could induce localized erosion and scour. The erosion and outfall investigation
conducted for Alternative 3A recommended that a permanent shoreline and bathymetric observation
program be considered to monitor the outfall for erosion and scour combined with adaptive management
procedures to minimize localized environmental effects at the discharge.

For all alternatives, surface grading, excavation filling and soil removal and/or mixing would occur during
construction of the LBITP. During operation, eroded soils generated from the sediments present in the
water to be removed from the Trinity River would be generated, need to be removed via the
sedimentation basin and managed appropriately (stockpiled for future use or disposed of/managed
appropriately). Reclamation and the installation of erosion control measures and devices would minimize
erosion and the potential for sediment to leave the construction site. Sediment or soil erosion control
measures in accordance with the NPDES and TPDES General Permit for Construction Activities would be
implemented during the project’s construction and operation to minimize discharging or moving stored
sediment with storm water runoff into area water bodies, wetlands or the proposed canal. A SWPPP with
BMPs would be prepared as part of the LBITP discharge elimination permitting for construction activities.
The SWPPP would contain spill prevention and response procedures meeting state and federal agencies
requirements. Based on the planned implementation of erosion control measures during construction
(e.g., sediment control ponds, diversion ditches, silt fences, straw bales, and re-vegetation measures),
the potential for localized soil erosion as a result of the discharge of surface water from the construction
site is anticipated to be low to moderate and temporary.

4.2 Hydrology

Hydrology addresses the surface water, groundwater and connectivity cycle including precipitation and
scientific and engineering studies are conducted in attempts to understand water’s occurrence, circulation
and distribution, chemical and physical properties, and the reaction between water and the environment
including plants and animals. The hydrological cycle describes water’'s constant movement above, on
and below the land surface, and includes water's movement through evapotranspiration, precipitation,
surface runoff, sub-surface flow and groundwater pathways. Water's infiltration rate varies with land use,
soil characteristics and a rainfall event’s duration and intensity. Precipitation rate exceeding the
infiltration rate leads to overland flow and possibly flooding. Water reaching streams or bayous via
surface runoff and groundwater discharge through seeps or springs eventually moves into Galveston Bay
or the Gulf of Mexico, and evaporates to perpetuate the hydrological cycle.

Total flow from drainage basin runoff is calculated by adding together the flow data originating from
gauged and ungauged watersheds. Gauged flows are obtained from USGS stream flow records and
ungauged runoff is calculated. Ungauged runoff is the sum of the following flow factors:

= Computed runoff, using a rainfall-runoff simulation model, based on precipitation over the watershed
» Flow diverted from streams by municipal, industrial, agricultural and other users

= Unconsumed flow returned to streams

Total surface inflow reaching the Galveston Bay estuary consists of:

Surface Inflow = (1) Sum over all gauged watersheds (USGS Gauged Flow)
+ (2) Sum over all ungauged watersheds (Modeled Flow)
- (3) Sum over all ungauged watersheds (Diverted Flow)

+ (4) Sum over all ungauged watersheds (Returned Flow)
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When considering developing the total freshwater balance, evaporation from and precipitation on the
water estuary’s surface the must be considered:

Freshwater

~ Surface Inflow
Balance =

- (5) Evaporation from the estuary surface

+ (6) Precipitation on the estuary surface

Galveston Bay includes a combination of several adjoining bays including Trinity Bay to the northeast,
Upper and Lower Galveston Bay to the west, and West and East Bay to the south. These waterbodies
drain into the Gulf of Mexico, which is separated from these bays by Galveston Island to the west and the
Bolivar Peninsular and High Island to the east. Galveston Bay’s hydrology and functioning are directly
influenced by physical processes including erosion, sedimentation, tides and currents and man-made
features such as ship channels, dikes and other structures. The presence of Galveston Island, a barrier
bar system created by long shore currents and depositional processes from the Gulf of Mexico, continues
to influence Galveston Bay’s hydrology.

Streams in their natural state are dynamic ecosystems that perform many beneficial functions. Natural
streams and their floodplains convey water and sediment, temporarily store excess flood water, filter and
entrap sediment and pollutants in overbank areas, recharge and discharge ground water, naturally purify
instream flows and provide supportive habitat for diverse plant and animal species. By contrast, water
supply conveyances are designed to deliver source water to a location where it can be further purified/
treated for delivery to homes and businesses for human consumption. In every way practical, the delivery
system concept focuses on quantifiable and measurable water supply flows, and is designed to reduce or
eliminate the potential for bacterial contamination, turbidity, and water loss through seepage or infiltration.

Galveston Bay is within the TWDB-established Region H, which has been designated for water planning
efforts. Freshwater inflows sources to the bay are a combination of major and minor rivers, local runoff
directly into the bay and rainfall on the bay. Freshwater contributions to Galveston Bay include

54 percent from the Trinity River, 28 percent from the San Jacinto River and 18 percent from the local
watershed (runoff and creeks) (GBFIG 1995). The 2011 Region H Water Plan incorporates as an
Appendix the Environmental Flows Study issued in 2009. Water management strategies identified by
regional water plans, including the Galveston Bay and Trinity River upper basin return flows from the
Dallas Metroplex (Region C), would help meet state-identified environmental flow criteria for Galveston
Bay proposed by TWDB and refined by GBFIG. The flow regime necessary to achieve the maximum
harvest (MaxH) environmental flow criteria for Galveston Bay would occur at least 50 percent of the time
under the strategies adopted for Region H. The flow regime necessary to achieve the minimum flow
required to maintain the bay and estuary salinity target (Min Q-Sal) for Galveston Bay would be achieved
at least 75 percent of the time based on water management strategies incorporated into Region H water
plans. These environmental flow criteria have been adopted by GBFIG for Galveston Bay.

The study area for direct and indirect effects for hydrologic resources is considered on a watershed basis.
The study area encompasses the Region H RWP boundary, the proposed LBITP ROW, CRPS and TRPS
locations, the LBITP discharge locations to Lake Houston, and the area of the mitigation property.
Hydrologic resources include the following categories:

= Surface water resources and surface water quality

= Lower Trinity River discharges and environmental flows (Section 4.8)

= Water supply through water rights permitting and conservation

= Socio-economic issues related to IBTs and hydrologic resources as described in Region H RWP
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Natural stream characteristics such as channel forming and reconditioning, gradually varies flow. This
contributes to meandering, sediment transport through natural erosion, developing sediment bed-load
which contributes to channel stability. Groundwater influenced base flows are missing from a water
supply conveyance. The area with direct influence for hydrology includes the watersheds of North
Galveston Bay, Lower Trinity River, San Jacinto River, Cedar Bayou, Galveston-San Jacinto Basins that
incorporate Goose Creek. The area of direct and indirect effect for hydrology encompasses 100-year
flood hazard area, the 500-year flood hazard area. The hydrology cumulative effects study area is the
same as the waters of the United States, including wetlands RSA (see Chapter 5) and is focused on
downstream water rights.

42.1.1 Analysis Methods

For Alternative 3A, high resolution aerial remote sensing using Light Detection and Ranging (LiDAR) data
collection and processing and use of Arc-Hydro, an extension of ArcMap were used to calculate drainage
lines for the area surrounding proposed canal alignment. One-dimensional (1-D) and two-dimensional
(2-D) Hydrologic Engineering Center’s Hydraulic Modeling System (HEC-HMS) models issued by the
USACE were run in parallel mode and were used for the drainage analyses to determine break locations.
Sub-basin areas that were intersected or affected by the proposed Alternative 3A alignment were
examined through use of the HEC-HMS model.

The proposed Alternative 3A canal may result in altering the duration, intensity, magnitude, location or
potential for flood events or changes to overland flow patterns. Prior to inclusion in the Region H RWP in
2010, the effects of withdrawal of 450 MGD from the lower Trinity River for the LBITP were investigated
for bay and estuary (B&E) flows through studies conducted as part of the state’s water planning program
(Senate Bill [SB] 1). The Environmental Flows Study (2009) was developed to analyze the effects of the
LBITP on B&E flows of the lower Trinity River and Galveston Bay. Based on the SB 1 analyses
conducted, the LBITP was in compliance with Galveston Bay Freshwater Inflows Group (GBFIG) target
inflows using State Methodology for determining freshwater inflow needs. Under SB 3, as of April 20,
2011 (effective May 15, 2011), the TCEQ adopted environmental flow standards for the Trinity and San
Jacinto Rivers and their associated tributaries, and Galveston Bay including Trinity, East and West Bays
(30 TAC 298 Subchapter B), as required under SB 3. These environmental flows standards identify
target environmental flow goals that were developed to meet a sound ecological environment while
considering competing water needs such as the present and future water requirements presented by the
Region H RWP (including the proposed LBITP) and adopted as part of the State Water Plan (2011).

A geomorphological and sedimentation study of the lower Trinity River and Lake Houston was conducted
by Baird in 2009 for the LBITP. The investigation included sedimentation and geomorphology effects
along the lower Trinity River and Luce Bayou at the proposed CRPS and discharge structure due to the
proposed diversion and discharge of 450 MGD of water into Luce Bayou near the confluence with Lake
Houston.

A hydraulic and sediment transport study was conducted for the Alternative 3A ROW along the Trinity
River near Capers Ridge and at the Luce Bayou/Lake Houston discharge location in order to optimize
preliminary design for the intake and discharge structures.

Existing state water planning efforts have developed the 2011 Regional Water Plan for Region H,
incorporated the results of the SB 3 process into policy and related decisions, and have resulted in the
development of studies or dissertations pertaining to regional water management strategies . Man Sueng
Han presented a dissertation for Texas A&M in May 2008 titled, Environmentally-related Water Trading,
Transfers and Environmental Flows: Welfare, Water Demand and Flows that used the TEXRIVERSIM
model (and other analyses) to evaluate water interbasin transfers and environmental flow needs.

The study area for direct and indirect effects to hydrology encompasses the proposed LBITP ROW, the
lower Trinity River in the vicinity of the proposed CRPS and existing TRPS diversion locations, the three
proposed LBITP discharge locations that outfall to Lake Houston, and the area of the mitigation property.
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The hydrology cumulative effects study area encompasses the RSA for waters of the United States,
including wetlands (Chapter 5).

Environmental effects of the LBITP associated with hydrology includes the area of the proposed
alternatives within the 300-foot ROW, the lower Trinity River for a distance of approximately 2,000 feet
downstream of the CRPS and the TRPS diversion points, within 1,000 feet of the Lake Houston discharge
location, and the following watersheds: lower Trinity River, Cedar Bayou, North Galveston Bay, and
Galveston-San Jacinto River watersheds.

421.2 No Action

Under the No Action Alternative, the proposed LBITP would not be constructed or operated. As a result,
no construction activities would occur and there would be no impact or change in baseline conditions
related to hydrology. Implementation of No Action would result in potentially adverse effects on hydrology
as through time, water supplies in Lake Houston and the San Jacinto River watershed are depleted.
Permanent, direct or long-term effects to the Lake Houston and indirectly to groundwater resources would
occur under No Action. Groundwater to surface water conversion for water demand and the necessary
supplement to increase to San Jacinto River water supplies would not occur. Regional water plans would
not be implemented and groundwater supplies would be used to meet water demand.

Subsidence would be expected to continue with detrimental, long-term and likely permanent effects to the
region, land use, wetlands loss, flooding and flood hazards. Flooding may be exacerbated in the Region
H RWP area, and localized subsidence and flooding in central, western and northern Harris County would
continue, gradually increasing in intensity, duration, severity and recovery time as water supplies are
increased to meet forecasted population demand. The physical consequences of subsidence resulting in
changes to hydrology have been apparent in the Houston metropolitan area where as much as 10 feet of
subsidence has occurred.

4213 Alternative 3A

Capers Ridge is a natural ridge, approximately 12,000 feet long of variable width, formed as a Trinity
River floodplain terrace which exhibits strong relief and, in the vicinity of Alternative 3A intake forms a
drainage boundary between the Mud Lake and Gillen Bayou watersheds. Because the CRSP and
pipeline would be located along this ridge, along the drainage boundary between watersheds, the
proposed facilities would not affect the local area’s natural drainage patterns after construction.

The proposed Alternative 3A outfall structure is located on Luce Bayou, a tributary to the East Fork of the
San Jacinto River and Lake Houston. The outfall structure is proximate to and upstream from the
confluence of Luce Bayou and Lake Houston. Previous studies used numerical modeling to assess the
impacts from the proposed outfall discharge on hydrodynamics and the potential for bank erosion and
bed scour near the outfall location at Luce Bayou.

Luce Bayou meanders from its headwaters near FM 321 and the channel width ranges from 20 feet to
350 feet in the vicinity of the discharge location. As Luce Bayou flows to the west, the channel becomes
narrower upstream from the town of Huffman at the Cleveland Road Bridge (near FM 2100), upstream of
Lake Houston. The distance from the proposed outfall at Luce Bayou to Lake Houston is approximately
1.5 miles, and the flow pattern is directly affected by the upstream discharges from the East Fork of the
San Jacinto River and the water level (reservoir pool elevation) at Lake Houston. Near the proposed
outfall, the Luce Bayou channel is divided by an island into two branches, and the outfall is at the eastern
shoreline of the eastern branch of Luce Bayou.

A hydraulic and sediment transport study was conducted for the Alternative 3A ROW for the area along
the Trinity River near Capers Ridge and at the Lake Houston discharge location area. Analyses from
USGS historical peak flow data collected from the Huffman gauge near the proposed discharge point
provides an understanding about potential water level fluctuation in the area. The minimum and
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maximum water levels near the Alternative 3A discharge point are 40.11 feet and 49.26 feet above MSL,
respectively. Similarly, minimum and maximum water levels modeled for the CRPS intake are 16.1 feet
and 44.7 feet above MSL, respectively.

Diverting 450 MGD of raw water has the potential to change the lower Trinity River’s flow regime, as
determined via hydrological analyses using ERDAS and other models conducted under the TWDB'’s

SB 1-3 water planning programs. Wetlands along the LBITP conveyance are primarily affected by
precipitation and drainage (overland flow). The proposed Alternative 3A canal would be elevated in
places above the existing ground level and in these areas the canal could impede the existing drainage
patterns. Withdrawing 230 MGD during Phase | and 450 MGD during Phase Il operations would also
affect the lower Trinity River’s flow regime and indirectly the Galveston Bay estuary. Discharging water to
Lake Houston for treatment via Luce Bayou could affect the hydrology of both Lake Houston and Luce
Bayou within the San Jacinto River watershed. Wetlands dependent on local hydrology to function and
hydrology that affects fish and wildlife habitat could change after the implementation of the LBITP. During
low flow conditions, IBT withdrawal from rivers has been demonstrated to have a profound effect on river
currents, sediment transport, and possible scour and deposition areas. These effects would primarily be
observed when flows in a river are already low. Based on Alternative 3A hydrologic investigations and
modeling, the observed and modeled effect on river flow patterns would be limited to low flow conditions
and would involve movement of fine grain size sediments in the Trinity River.

The proposed Alternative 3A canal alignment traverses through 26 of the 28 sub-basins identified through
LiDAR data analyses. The Alternative 3A canal would have berms on either side which could potentially
serve as barriers to the existing drainage pattern. These effects will be partially offset through
hydrological design features including below-grade siphons and drainage structures to maintain existing
surface hydrology and drainage.

The proposed Alternative 3A canal would discharge into Luce Bayou at the confluence of Lake Houston.
The canal would discharge below the OHWM through three 6-foot wide by 8-foot long box culverts.
Through sedimentation and erosion analysis studies and modeling, it was determined shoreline erosion
protection would be needed at the discharge point. Approximately 975 cubic yards of riprap would be
placed below the OHWM. Constructing the concrete headwall and placing erosion protection would
directly and permanently impact approximately 0.30 acre below Luce Bayou’s OHWM at the confluence
with Lake Houston. Placing riprap and excavating material would result in localized permanent direct
impact to area sediments in the Luce Bayou. Stabilizing these sediments and the shoreline would
ultimately provide a positive benefit to the area proposed for construction by localizing hydrological effects
to the lower Trinity River caused by proposed construction and operation of the build alternative.

4214 Alternative 4 and Alternative 6

Diverting 450 MGD of raw water from the Trinity to San Jacinto River basin has the potential to change
the lower Trinity River’s flow regime, as determined via hydrological analyses using ERDAS and other
models conducted for the proposed LBITP under the TWDB'’s SB 1-3 water planning process. The
proposed Alternative 4 and 6 pipeline conveyance would change the landscape along the 300-foot wide
water line easement that would locally permanently affect and impede the existing surface drainage
patterns. The landscape would change as access roads and a linear bermed alignment would provide
evidence of the buried location of the two, below-grade 9-foot diameter water pipelines.

Drainge ditches on either side of the pipeline easement and access road could potentially serve as
barriers to the existing drainage pattern. Withdrawal of 230 MGD of water during Phase | and 450 MGD
of water during Phase Il operations would also affect the lower Trinity River’s flow regime, and ultimately
Galveston Bay. Discharging water to Lake Houston for treatment could locally affect the hydrology of
Lake Houston and the San Jacinto River watershed. Wetlands along the proposed LBITP conveyance
route are primarily affected by precipitation and drainage (overland flow). The wetlands dependent on
local hydrology to function and for the environmental needs of fish and wildlife could also be influenced by
changes in hydrology due to implementing the LBITP.
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Site-specific analyses related to hydrology and surface water drainage or flooding have not been
conducted for Alternatives 4 and 6. However, it can be presumed that specific hydrologic investigations
would be performed during preliminary and final design in order to quantify/characterize local hydrologic
alterations and the means to reduce these effects. Impedances to changes in surface water drainage
would be minimized to the extent possible to maintain overland flows. Ditches or other flow restoration
and management features would be designed and implemented to minimize potential overland and
surface drainage effects related to the LBITP.

In general, based on specific studies conducted for river IBTs, water withdrawals during low flow
conditions has been demonstrated to have a profound effect on river currents, sediment transport, and
possible scour and deposition areas. For the LBITP, these effects would primarily be observed when
flows in a river are already low. Based on Alternative 3A hydrologic investigations and modeling, and
assuming that similar river conditions exist along the lower Trinity River at both pump station locations, it
would be expected that the effects to flow patterns would be limited to relatively infrequent flow
conditions, and would involve movement of fine grain size sediments.

The proposed Alternatives 4 and 6 pipelines would discharge into Lake Houston and it would be expected
that the discharge at Lake Houston would be designed to minimize local hydrologic effects. Similar to
Alternative 3A, the two 9-foot in diameter pipes would likely discharge into Lake Houston below the
OHWM through box culverts and that shoreline erosion protection would be needed at the discharge
point. Engineering studies conducted during final design for Alternatives 4 and 6 would allow for the
development of an optimum design of the shoreline protection structures that may include placement of
riprap, headwall construction, lake or river bottom excavation, sheet pile installation efforts, dewatering,
and related infrastructure installation along the eastern shoreline of Lake Houston at the proposed
discharge locations for Alternatives 4 and 6. Stabilizing the sediments of the shore and bottom of Lake
Houston would be needed and design efforts would seek to minimize permanent erosion and
sedimentation affects caused by proposed construction and operation of these alternatives.

4215 Reduction and Mitigation of Potential Impacts

The potential hydrological effects related to constructing and implementing LBITP are not, by themselves,
considered to result in regional large-scale, permanent long-term effects. LBITP would not cause
substantial changes in stream flow on the Trinity River or Lake Houston compared to existing conditions
since, in general, average flow rates within the lower Trinity River would change substantially during high
or medium flow regimes. During low flow conditions, hydrological effects are anticipated to be significant
during low flow periods as up to 450 million gallons of water per day are removed from the lower Trinity
River.

The Public Notice for Permit Application No. SWG -2009-00188 provided a review for the Section 404 IP
Sketches (Sheets) numbered 1 through 44. The proposed siphon locations are provided as shown on
Sheets 12-32 (note “siphon” call-outs). Sheet 38 provides the cross-section and plan view for the siphon
structures, which eliminate hydrology changes and provide opportunities for safe wildlife crossings.

A drainage area map, drainage lines, and catchment area boundaries were determined based on LIiDAR
and the limited topographical information available during the project’s preliminary engineering.
Throughout the project alignment, drainage breaks were inserted along the canal to permit drainage
across Alternative 3A to maintain existing drainage patterns where possible and practical. The process
for developing the project drainage, hydrology, and hydraulics is described in detail in the following
paragraphs.

Arc-Hydro, an extension of ArcMap, was used to calculate drainage lines for the area surrounding the
proposed alignment using topographical information from a digital elevation model (DEM). Sub-basin
area boundaries were delineated from these drainage lines using a minimum 100-acre basin size. To
determine drainage break locations, only sub-basin areas intersected or affected by the proposed
alignment were examined in the HEC-HMS model.
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The velocity for each sub-basin was selected from the TxDOT Hydraulics Manual. The selected velocity
was based on the weighted average of the Manning’s n-value for each sub-basin ranging from 0.1 to
0.15. The travel time for sheet flow and the quotient of drainage flow path and velocity were converted
into minutes to calculate the concentration time. The SCS lag time calculation, T4 =0.6*Tc, was used for
each sub-basin and input into HEC-HMS. The model performed simulations for the 1 percent and

50 percent Annual Exceedance Probability (AEP) storm events.

For the project roadways hydrology, the roadway drainage criteria from Liberty County’s subdivision
regulations were used for roadway drainage. The 2-year storm event was selected for these agricultural
areas, as this is consistent with typical road side ditch design capacity. The event duration is the primary
concern, compared to the depth of flooding for agricultural or undeveloped areas.

To model the proposed conditions, one-dimensional and two-dimensional models were used in parallel.

= A hydrograph representing rainfall was introduced in a two-dimensional overland flow model, which
models shallow sheet flow behavior. From this model, a stage hydrograph was obtained at the
downstream ROW for each crossing.

* |n the one-dimensional model, each crossing was modeled as a separate reach. Under existing
conditions, cross-sections along the reach represented the elevation data at the upstream and
downstream ROW and the canal’s centerline. Under proposed conditions, the centerline cross-section
was replaced with an inline structure containing a culvert and a weir representing the crossing structure.
The watershed on the upstream side was modeled by a storage area with an elevation-volume curve
obtained from the DEM and connected to the reach as the upstream boundary.

HEC-RAS Version 4.0 was used to model the proposed canal. The model was setup for unsteady state
modeling of time varied flow rates. A runoff hydrograph was introduced to the upstream storage area and
the stage hydrograph obtained from the two-dimensional model was applied as the downstream boundary
condition. The resulting stage hydrograph measured in the storage area from the model was compared
to the existing and proposed conditions to measure project impacts. Initial demands indicate an expected
230 MGD or 356 cfs flow rate after the Alternative 3A canal is constructed. This interim flow rate will
result in lower velocities through the siphons. The typical measured impact on the proposed upstream
side for the 100-year event was an increased depth of 3 to4 inches for 5 to16 hours. One 10-foot by
7-foot and one 5-foot by 7-foot flow control barrel would be recommended for the 356 cfs interim flow.
This flow rate provides an approximate 3.4-fps velocity within the siphon.

Flow depth within the Alternative 3A canal varies between seven and eight feet, depending on the
location in relation to water level control gates, existing roadways and siphon crossings. The normal
water level depth in the canal is approximately 7.3 feet. A typical 10-foot canal depth provides an
average 2.7-foot freeboard flow. Several reaches along the canal where the roadway and siphon
crossing are spaced fairly close together, will cause incremental head losses between the structures to
raise the flow depth in the canal to approximately eight feet. In these reaches, the canal would be
constructed to an 11-foot depth, providing the recommended 1.33 foot freeboard flow depth.

The Alternative 3A outfall structure into Lake Houston is assumed to be three 8-foot by 6-foot box
culverts. The approximately 640-foot long culverts have 28.8 feet of fall from the 62.8 inlet elevation to
the 34.0 outlet elevation. The outlet is submerged below Lake Houston’s 43.5-foot normal pool elevation.
By submerging the outfall, a hydraulic jump is forced to occur within the culverts, reducing the discharge
velocity into the lake. The velocity is further diminished by discharging the flow into a concrete stilling
basin. The submerged basin has a top-of-wall elevation of approximately 39.5 or 1.5 feet above the Lake
bed elevation at the outfall. The top-of-the wall functions as a submerged weir with an effective length of
approximately 90 feet. The stilling basin will allow the discharge to swell up within it and uniformly
distribute into the lake.
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The culvert entrances for Alternative 3A are designed to minimize entrance losses by providing flared
wing walls and beveled top edges. The culverts are at a very steep slope, and critical depth is achieved
within the culverts. This combined with the submerged outfall forces a hydraulic jump to occur within the
culverts. The culvert’'s entire capacity is not used where water is flowing at a critical depth. The entrance
will be designed so open channel flow occurs within the culvert upstream from the hydraulic jump to
prevent air from being trapped within the culvert.

When the Alternative 3A canal is at ultimate capacity, approximately 975 acre-feet of water is contained
within the LBTP’s canal portion. With a zero flow condition, approximately 600 acre-feet of water remains
in the system stored behind the water level control gates.

The Alternative 3A conceptual design included drainage ditches paralleling the canal alignment along
both sides. The ditches will drain toward the low point in the sub-basin, and will be interconnected by a
culvert(s) crossing the canal alignment. The canal will be siphoned below the culvert crossing, allowing
for extreme events to flow over the maintenance road. Less extreme events will be able to pass through
the culvert at each crossing. The parallel ditches will act as spreader ditches, allowing flow to leave in a
sheet flow pattern where applicable. A majority of the alignment does not have significant existing
drainage facilities for collecting existing runoff. The proposed ditches will have a sufficient depth for
allowing the cross culvert to be below natural grade and provide adequate cover. However, this design
will result in some ditch flow lines being below the natural grade at outfalls, resulting in the ditches
remaining wet for extended periods. While the model calculations are correct for the assumptions used in
this report, changes from these original assumptions will occur as new information becomes available.
Further hydraulic analysis will be required in LBTP’s final design to verify the effects of the actual roadway
crossing designs, siphon lengths, water level control gates design and location, etc.

Eighteen siphon structures would convey Alternative 3A water in the canal below the ground surface
through concrete box culverts. These siphon structures would maintain local hydrologic and drainage
systems by allowing sheet flow to be conveyed overland. The surface expression for these drainage
conveying siphons include ditches, swales and 200-foot long by 300-foot wide open grassy areas. These
siphon structures would not be located at pipeline, utility easements, or roadway crossings. They would
allow wildlife safe passage across the proposed 23.5-mile long canal conveyance structure. The siphon
structures would be covered with grass and primarily located at ground level with a small swale to allow
for drainage across the canal ROW. The canal alignment and siphon locations would be fenced with
barb-wire along Alternative 3A’s ROW boundaries. The siphons are proposed to be located along the
canal alignment, in undeveloped areas at points determined through hydraulic analyses to require
overland flow conveyance to avoid impacts to local hydrology. The proposed combination siphon and
wildlife crossing features will be along the proposed Alternative 3A’s 23.5-mile long ROW through Liberty
County.

The Alternative 3A raised canal will impede natural overland and channelized flow drainage paths. To
remedy this, a series of siphons in conjunction with collector ditches and culverts will be used along the
alignment ROW. Proposed crossings include culvert-weir structures. The culverts are sized to pass
flows up to and including the 50 percent AEP storm event without overtopping the canal maintenance
road. For larger events, a shallow flow depth is allowed to overtop the roadway to minimize increased
ponding depths upstream from the canal. Flow from the culvert and weir will be collected in the
downstream ditches and spread as previously described.

The Alternative 3A canal would be designed to convey 774 cfs, maintaining a water flow level in the canal
between seven and eight feet. Seven water level control gates are proposed to limit the drop in water
level to a maximum of four feet when the flow rate is reduced below 774 cfs.

Environmental Impact Statement
Luce Bayou Interbasin Transfer Project October 2012



4-37

LBITP’s canal design criteria mitigates against vegetation growth within the canal by developing a
channel cross section which maintains water velocity at 2 feet per second (f/s) to limit plants ability to take
root in the canal. Much of the canal will experience 5 f/s velocities, which will require hardened (concrete)
lining or armoring the canal. The canal’s design flow depth (7 to 8 feet) will limit sunlight penetration, thus
eliminating the potential for aquatic plant photosynthesis (AECOM 2011).

The lower Trinity River segment in the vicinity of the LBITP is not used for commercial navigation and,
therefore, no impacts to regional commercial shipping would occur. See Section 4.7 relative to potential
impacts to recreational boating and canoeing. As with other elements constructed within the lower Trinity
River, short-term temporary increases in suspended sediment concentrations, turbidity, and sediment
deposition would occur from project-related disturbance. Short-term temporary increases in suspended
sediment concentrations, turbidity, and sediment deposition would be minimized by implementation of
erosion control measures. During the inactive periods, high flows would subject stockpiled materials to
erosion. Flow paths between material stockpiles, construction area, and the haul road would promote
additional erosion, turbidity, and sedimentation between the embankments and into the river during
overbank flows. These flow and water quality impacts would be short-term in nature. Because of the
potential for these impacts from excavation, stockpiling, and equipment tracking during wet periods,
monitoring and mitigation may need to be considered. Construction effects and the long-term presence
of the LBITP structures present in the lower Trinity River may induce channel migration although
additional studies and modeling would be performed during final design to develop appropriate long-term
mitigation for channel migration.

Upstream or downstream effects could occur; old channel scars occur in both directions. A relatively
straight reach of the river is downstream and with adequate foundations, the proposed bridge and
embankment would help anchor the channel. These factors likely would minimize downstream bank
shifting and channel migration. The river is strongly meandering upstream of the crossing. Flood flows
through Mud Creek and circulation patterns near Capers Ridge of the lower Trinity River during flooding
may encourage additional bar and bank shifts in meanders and effects on opposite and adjoining
properties owned by the USFWS (Trinity River NWR parcels near both the proposed CRPS and the
existing TRPS). Additional sediment transport, turbidity, and deposition could result and these effects
could vary widely in their intensity and timing and hence potential effects.

The lower Trinity River is dominantly a sand-bed channel (Baird 2010). Based on general sand sizes and
flocculation of smaller particles in the flow, suspended sediments from construction during low flows likely
would settle out within a mile or so downstream of the proposed channel crossing. For example, with a
flow depth of approximately 4.5 feet and a mean downstream velocity of approximately 1.2 to 1.5 f/s, a
small sand particle will settle out of reasonably calm flow in approximately 100 feet or less. Re-
suspension could increase that distance, but it gives a general idea of a potential downstream impact
area for sands.

Under the same conditions, dispersion and settling of clay aggregates from the water column typically
would occur over a much greater river distance. Depending on water chemistry and a concentration
criterion, silts and clays in that flow may require 0.5 mile or more to settle out to the criterion or to a
background concentration. Changes in flows, turbulence, and re-suspension would modify those settling
distances as well as background concentrations. Nonetheless, increases in suspended sediment
concentrations, turbidity, and sediment deposition would occur from project disturbance in and adjacent to
the river, generally on the order of the distances mentioned here. These water quality changes would be
short-term in nature. Because of the potential for channel mitigation, sedimentation, and turbidity impacts
to a waterbody that is a candidate “Ecologically Significant River Segment”, additional mitigation is being
considered as discussed in Chapter 6 (Baird 2010 and Baird 2012).

4.3 Surface Water Resources and Quality

Water is an essential resource, basic to human survival, economic growth and the natural environment.
Water conservation requires using water resources efficiently in all actions involving significant water use
or significantly affect water availability for alternative uses including opportunities to reduce demand and
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improve efficiency to minimize new supply requirements. Actions affecting water quantities are subject to
Congressional policy, as stated in Section 101(g) of the Clean Water Act which provides the authority of
states to allocate water quantities shall not be superseded, abrogated, or otherwise impaired. The State
of Texas protects water quality through several regulatory programs and agency interactions between the
TCEQ, EPA, and USACE. Included in these programs are rules and regulations administered primarily
under the Federal Water Pollution Control Act (CWA), the Safe Drinking Water Act, and the Texas Clean
Rivers Act. Major aspects of water quality regulation and management in the state are set forth in the
Texas Administrative Code and include the following:

= Designation of waterbody segments and their associated beneficial uses

= Assigning water quality standards for the designated uses in general and for waterbody segments
specifically

= A formal process for evaluation and modification of standards applied to specific waterbodies, including
temporary variances

» An anti-degradation policy administered through a tiered approach
= Control of pollutants in storm water
= Protection of drinking water

= Atiered approach to water quality certification with respect to dredge and fill activities in waters of the
United States

= Monitoring and management of water quality at watershed or river-basin scales, through agency
agreements (i.e., Cedar Bayou Watershed Protection Plan being developed by HGAC)

4.3.1 Surface Water Resources

For surface water resources, potential direct impacts from the proposed project generally would include
changes to the surface water flow regime and water quality effects on Lake Livingston, the lower Trinity
River downstream of Capers Ridge and downstream of the existing TRPS, within the San Jacinto River
watershed including Luce Bayou, Lake Houston, Cedar Bayou and their floodplains, and indirect effects
to Galveston Bay and its estuaries. Figure 4-4, Figure 4-5, Figure 4-6 identifies the location of
watersheds and mapped boundaries based on the National Hydrography Dataset (NHD) flowlines dataset
published by the U.S. Geological Survey.

Construction and resultant modifications would affect surface water features such as floodplains, creeks,
ponds, bayous, and perennial and intermittent streams, vegetation and habitat dependent on surface
water sources (riparian habitat and bottomlands). The proposed LBITP could also cause long-term,
permanent and potentially beneficial effects to surface water quality within the project area. Indirect
impacts potentially would include the effects of water discharges or withdrawals on Lake Livingston and
the lower Trinity River and resultant discharge of Trinity River water to Lake Houston. Indirect long-term
permanent affects of these actions could affect aquatic habitat in the project area or cause indirect effects
to ecological, floodplain or scenic values, to wetlands hydrology, and on freshwater instream flows and
environmental flows to Galveston Bay and its estuaries. The proposed IBT could potentially contribute to
existing cumulative effects on the wetlands and waters of the United States RSA and the RSA
established for floodplains for the three proposed action alternatives (Chapter 5).

Site-specific analyses related to surface water resources have not been conducted for Alternative 4 and
Alternative 6. However, since the permitted diversion amount from the lower Trinity River would be the
same for all three alternatives, direct effects to Lake Livingston, the lower Trinity River, and Lake Houston
would be similar although, for Lake Houston, the discharge location would vary. However, it can be
presumed that specific water resource investigations would be performed as needed to minimize
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environmental effects to surface water during final engineering design. Studies would be conducted in
order to quantify and characterize local surface water alterations and to identify the means to reduce
these effects. Impedances to or changes of surface water drainage would be minimized to the extent
possible. Project-related effects on overland flows and floodplain resources would be minimized, likely
incorporating siphon and drainage structures similar to those identified for Alternative 3A. Ditches or
other flow restoration and management features would be designed and implemented to minimize
potential surface water quality effects related to the LBITP.

In general, based on specific studies conducted for river IBTs, water withdrawals during low flow
conditions has been demonstrated to have a potentially significant effect on river currents, surface water
guantity and quality, sediment transport, and may result in an increase to river channel scouring and
sedimentation as existing sand or point bars expand or migrate. For the LBITP, these effects would
primarily be observed when flows in a river are low and when reservoir levels are low. Based on
Alternative 3A hydrologic investigations and modeling, and assuming that similar river conditions exist
along the lower Trinity River at both proposed pump station locations, it would be expected that direct
effects of the LBITP would occur during low flow conditions and would be relatively infrequent.

With respect to the important resource values recognized along the lower Trinity River in the Nationwide
Rivers Inventory (NPS 2010), and the ecological importance of the Luce Bayou segment identified by
TPWD (TWPD 2009b), and with the identification of Cedar Bayou as being important to the Galveston
Bay system and other wildlife resources at its confluence as well as concerns related to potential
impairment under Section 303(d), potential hydrologic impacts are discussed in Section 4.2. Potential
impacts to “waters of the United States, including wetlands” are discussed in Section 4.5. Other resource
considerations for these resources including biological functions, aesthetic (visual) values, are analyzed
in EIS subsections specific to those resources. LBITP construction for all proposed alternatives would
take place in the lower Trinity River during the low-flow season, which generally occurs in late summer
and fall. The proposed location of the CRPS and the existing TRPS is on the downstream part of a
meander sequence, and upstream of a reasonably straight river reach.

4311 No Action

The proposed and existing LBITP pump station intake structures are located within the lower Trinity River
watershed. The proposed LBITP discharge structures are located within the San Jacinto River watershed
more specifically within the surface water body created by the impoundment of the East and West Forks
of the San Jacinto River (i.e., Lake Houston). The lower Trinity River and San Jacinto River basins
discharge into Galveston Bay.

Under No Action, the LBITP would not be constructed and other water management strategies may need
to be implemented to meet available water demands. Groundwater supplies may need to be used to
address the projected shortfall in available water supply. In these cases, surface and groundwater
resources would be used to the maximum amount possible even as these strategies tend to result direct,
long-term harm to water quality and available water quantity as well as significant cost for implementation
and management.

431.2 Alternative 3A

To meet the projected water demand from Lake Livingston and to provide the flow requirements from the
CRPS diversion point and the TRPS, the water amount impounded for flood storage may be released
under existing operating rules for Lake Livingston. This would result in a net positive effect, as peak flood
flows would be slightly attenuated, minimizing flood damage and the resultant stream scour would cause
geomorphologic changes downstream from the Lake Livingston reservoir.
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The drainage basin for Lake Houston is 2,800 square miles. Lake Houston is approximately 8.5 miles
long and 1.5 miles wide, and the Lake’s main body is located between the confluence of the East and
West Forks of the San Jacinto River and the downstream earth-filled dam with a 3,160-foot concrete
spillway and embankment sections that total 12,100 feet in length. The spillway crest elevation is

44.5 feet above mean sea level (NGVD 29). Lake Houston's average depth is 12 feet with a maximum
depth of about 50 feet near the dam (USGS 2000).

LBITP operation would directly and permanently affect Lake Houston by importing water from the Trinity
River. Atthe same time, increased water demands and associated withdrawals would generally result in
lower Lake Houston water level elevations. However, low water levels or changes approximately 0.5 foot
below the normal pool elevation are typically recognized as a problem condition for Lake Houston that
should be avoided, according to the Applicant’s operations staff. LBITP’s operation goal is to maintain
the Lake Houston’s water level consistent with existing conditions. Increased water demand from the
Lake Houston intake would result in an increased low lake level frequency, if water delivery from the
LBITP would not be properly coordinated. Meeting water needs with additional supply diverted from the
Trinity River during critical low flow conditions would address the lake level effects to a great extent.
However, water may not be diverted from the Trinity River via LBITP to maintain water levels in Lake
Houston. The water rights permit governing CRPS’ operation does not allow long-term water storage in
Lake Houston. Therefore, diversions from the Trinity River must be limited to meet the daily water
demands at the North East Water Purification Plant (NEWPP). When Lake Houston overflows at the
spillway dam due to an inflow rate exceeding its demand, for all alternatives considered, the LBITP would
cease operation.

To examine the worst-case scenario regarding lake level changes that may occur in the future, Lake
Houston water levels were estimated under extreme conditions:

= No inflow from either LBITP or the San Jacinto River (Scenario 1)

= Maximum water demands from Lake Houston in Year 2040 (Scenario 2)

In Scenario 2, Lake Houston water levels would drop 0.5-foot from the lake level's 44.5-foot MSL full
condition in approximately 3.6 days. Lake Houston water levels would continue to subside, and would
reach a 1-foot drop after approximately seven days of discontinued LBITP operations combined with
maximum water demand from Lake Houston. Under some scenarios, operations associated with the
water diversion from CRPS may be modified to achieve other goals. A special operational condition
would exist when flow is spilled over the Lake Houston dam so LBITP would not continue to operate. In
addition to LBITP shutting down due to high flows in the San Jacinto River, high flows in the Trinity River
may also result in a need to forego pumping for a limited duration.

During drought conditions, operation of Lake Livingston would require special operational rules. When an
adequate stream flow level or stage in the Trinity River is not enough to allow CRPS operation, additional
releases from Lake Livingston would be made to allow adequate water diversion for Alternative 3A.
Houston’s senior water rights allow water impounded by Lake Livingston to be used to meet their allowed
diversion amount. Downstream from the CRPS, junior water rights and diversion permits that operate
under a run-of-river authorization may not be allowed to divert water from the Trinity River during low flow
conditions. A run-of-river permit means users may divert water only when stream flow levels are
sufficient. In these cases; the permit holder or user may not use water which has been legally stored or
impounded and released. Water released from storage is not available to run-of-river permit holders.
Junior water rights are subject to an appropriation of water by date of permit issuance. Houston's water
rights are the most senior in the Trinity River basin. The most senior water rights are served first during
low flows, with domestic and livestock uses superior to other appropriated rights. Water rights are
suspended or curtailed by priority date, with the most recently issued—or junior—priority users
suspended before senior water rights in a river basin or area (see Table 4-4).
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Table 4-4:
Trinity River Junior Water Rights
Diversion
Amount |Priority Date Reservoir
Owner Name Value (Year) Acreage Name Stream Name | County
Chambers-Liberty County Lake Trinity River, Turtle
Navigation District $2,147.00 1971 Anahuac | Bayou, Trinity Bay Chambers
Chambers-Liberty County Lake Trinity River, Turtle
Navigation District $30,000.00 1971 Anahuac | Bayou, Trinity Bay Chambers
Jett Hankamer & Sons $710.00 1967 223 Whites Chambers
Weldon Alders 1984 Big Caney Creek Liberty
/E:'ee” Fowler Attorney Et 1966 Mill Creek Liberty
Trinity Plantation Inc. Et Al | $1,932.00 1969 870 Menard Liberty
A G Services Inc 1979 Gaylor Creek Liberty
Knights Forest Prop 1980 Greens Creek Liberty
Owners
Lakecroft Inc 1979 Long John Liberty
Price & Ellen Daniel 1968 Lake Bayou Liberty
Trustee
Floyd AWenzel &L S - . .
Sodolak 1980 Trinity River Liberty
George W Maxwell $395.00 1960 290 Cow Island Liberty
George W Maxwell $805.00 1960 Cow Island Liberty
Donald R Maxwell Et Al $172.25 1967 65 Cow Island Liberty
A Reese Brown $640.00 1975 600 NorthlsFlg:fj Long Liberty
Reservoir 1 | Long Island Bayou
Herbert Oreschnigg $1,550.00 2002 465 & Reservoir | (Marsh Branch Of Liberty
2 Long Island Bayou)
Reservoir 1 | Long Island Bayou
Herbert Oreschnigg 2002 & Reservoir | (Marsh Branch Of Liberty
2 Long Island Bayou)
Reservoir 1 | Long Island Bayou
Herbert Oreschnigg 2002 & Reservoir | (Marsh Branch Of Liberty
2 Long Island Bayou)
Weldon Alders $1,050.00 2003 300 R North .| Long Island Bayou Liberty
eservoir
South .
Weldon Alders 2003 R .| Long Island Bayou Liberty
eservoir
Trinity County Regional Lake - .
Water Supply System $5,097.00 1980 Livingston Trinity River Polk
. - Lake - .
City Of Trinity 1980 Livingston Trinity River Polk
i Lake . .
City Of Groveton 1980 - Trinity River Polk
Livingston
Glendale.Water Supply 1980 . .Lake Trinity River Polk
Corporation Livingston
Rlver5|d§ Water Supply 1980 . .Lake Trinity River Polk
Corporation Livingston
T E Duke $400.00 1982 Menard Polk
Property Owners of Ace Tx 1985 Lake Connie Williams Creek Polk
Inc Jean
:Z;]rgperty Owners of Ace Tx 1985 Lake Edna Spring Branch Polk
The Nature Conservancy 1969 Choates Polk
Wiggins Land Company 1979 Choates Polk
Wiggins Land Company 1978 Dry creek Polk
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Diversion

Amount |Priority Date Reservoir
Owner Name Value (Year) Acreage Name Stream Name | County
Mozelle Pixley 1975 Black Creek Polk
Dixie Land Corp 1975 Turner Polk
:—rl](():llday Lake Estates Club 1969 Sally Polk
Lakeside Village
Subdivision Maintenance 1985 Crooked Creek Polk
Co.
Wiggins Land Company of 1981 Coley Creek San Jacinto
Texas
Howard T Harstad 1976 Schofield San Jacinto
Mitchell I_Development 1979 Trinity River San Jacinto
Corporation
Woodland Tracts Inc 1974 Coley Creek San Jacinto
IISake Waterwheels 1966 Big Creek San Jacinto

roperty Owners

43.1.3 Alternative 4

In general, based on specific studies conducted for river IBTs, water withdrawals during low flow
conditions has been demonstrated to have a potentially significant effect on river currents, surface water
guantity and quality, sediment transport, and may result in an increase to river channel scouring and
sedimentation as existing sand or point bars expand or migrate. For the LBITP, these effects would
primarily be observed when flows in a river are low and when reservoir levels are also low. Based on
Alternative 3A hydrologic investigations and modeling, and assuming that similar river conditions exist
along the lower Trinity River at both proposed pump station locations, it would be expected that direct
effects of the LBITP would occur during low flow conditions and that these would occur relatively
infrequently.

4314 Alternative 6

In general, based on specific studies conducted for river IBTs, water withdrawals during low flow
conditions has been demonstrated to have a potentially significant effect on river currents, surface water
guantity and quality, sediment transport, and may result in an increase to river channel scouring and
sedimentation as existing sand or point bars expand or migrate. For the LBITP, these effects would
primarily be observed when flows in a river are low and when reservoir levels are also low. Based on
Alternative 3A hydrologic investigations and modeling, and assuming that similar river conditions exist
along the lower Trinity River at both proposed pump station locations, it would be expected that direct
effects of the LBITP would occur during low flow conditions and that these would occur relatively
infrequently.

43.15 Reduction and Mitigation of Potential Impacts

TRA's Lake Livingston staff operate the lower Trinity River water system in conjunction with staff at the
TRPS and at Lake Wallisville to maintain river inflow to meet downstream water demands. Releases from
Lake Livingston occur to allow the existing TRPS to remove the amount permitted under existing water
rights. A similar operational scheme would be implemented for Alternative 3A to meet demands at the
CRPS diversion point. Flows between CRPS and the existing TRPS, and flows downstream from TRPS
are currently controlled by the pumping operations at the existing TRPS and release of impounded water
from Lake Livingston. Flows downstream from CRPS would be maintained to match or exceed the
minimum levels currently experienced in the Trinity River, and be controlled by the demand at the existing
TRPS. Releasing impounded water from Lake Livingston would allow for the permitted water withdrawal
at the CRPS and the existing TRPS diversion points.
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CRPS pump operations would be supervised and managed from the existing Applicant-owned Lynchburg
Pump Station. The CRPS pumping rate would be based on: 1) Lake Houston water level elevations; 2)
water production rates at NEWPP; and, 3) Lake Houston water demands. Houston’s water-rights budget
will also have to be monitored and factored into the CRPS pumping rate. The Applicant’s operations
managers at the Lynchburg facility would advise CRPS operators what their daily pump rate should be.
CRPS operators would operate their pumps at that specified pumping rate to meet water demand and
operational goals. All CRPS equipment would be controlled, operated and maintained by the Authority’s
personnel stationed at the CRPS.

As an example of Texas water law priority doctrine, in January 2012, the TCEQ recognized drought
conditions had continued across the state and, consistent with previous water-rights holders
communications, implemented water rights administration on a priority basis in 2012. During that time
period, the TCEQ notified certain junior water-rights holders that their right to divert water would be
immediately suspended. The suspended water rights included those with a specific priority date and term
in order to protect public health and welfare. No suspensions occurred for those water rights allocated to
municipal uses or for power generation. Land owners with property adjacent to watercourses were also
allowed to continue to divert water for domestic and livestock use as part of their inherent riparian water
rights. In addition, the TCEQ asked all water rights holders to take steps to conserve water, implement
their drought contingency plans and prepare for additional suspensions or curtailments should drought
conditions persist (TCEQ 2012; http://www.tced.texas.gov/news/releases/010912DroughtLittleSandy).

4.3.2 Surface Water Quality
The State of Texas protects water quality through several regulatory programs and agency interactions
between the TCEQ, EPA, and USACE. Included in these programs are rules and regulations
administered primarily under the Federal Water Pollution Control Act (CWA), the Safe Drinking Water Act,
and the Texas Clean Rivers Act. Major aspects of water quality regulation and management in the state
are set forth in the Texas Administrative Code and include:

= Designation of waterbody segments and their associated beneficial uses

= Assigning water quality standards for the designated uses in general and for waterbody segments
specifically

» Rules governing standards for low-flow conditions and mixing zones

= A formal process for evaluation and modification of standards applied to specific waterbodies, including
temporary variances

= An antidegradation policy administered through a tiered approach
= Control of pollutants in storm water
= Protection of drinking water

= Atiered approach to water quality certification with respect to dredge and fill activities in Waters of the
u.s.

= Monitoring and management of water quality at watershed or river-basin scales, through agency
partnerships.
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4321 No Action (Surface Water Quality)

Increased groundwater usage, including expanded use of groundwater, interim groundwater, and new
groundwater wells, is not expected to have significant environmental effects with respect to No Action on
surface water quality. Groundwater within the study area is generally of good quality and available at the
point of use. Increases in well pumping will also contribute to return flows potentially benefiting surface
water quality. The return flows will increase in proportion to increased groundwater use and significantly
contribute to flows into Galveston Bay. Increased and interim groundwater pumping in the region will
continue to be monitored by groundwater regulatory agencies since excessive pumping can lead to land
subsidence and exacerbate flooding and drainage problems.

Under No Action, the Region H area would need to increase their efforts at water conservation, including
municipal, industrial, and agricultural conservation. These changes may have both positive and negative
impacts on surface water quality. Water that is being processed through a wastewater treatment plant
typically has acquired additional dissolved solids prior to discharge to the waters of the state.
Conventional wastewater treatment reduces suspended solids, but does not reduce dissolved solids in
the effluent. Water conservation measures will reduce the volume of water passing through the
wastewater plants without reducing the mass loading rates (a 1.6 gallon flush carries the same waste
mass to the plant that a 6-gallon flush once carried). These effects may result in slightly increased
conservative contaminant loads in area streams.

However, it should be noted that during low flow conditions, the wastewater effluent in a stream may
represent water that helps to augment and maintain the minimum stream flows. Tail water is the term
used to describe that water returned to the stream after application to irrigated cropland. Tail water
carries nutrients, sediments, salts, and other pollutants from the farmland. This return flow can have a
negative impact on water quality, and by implementing conservation measures which reduce tail water
losses, the nutrient and sediment loading can be reduced. Once again, however, this return flow tends to
be introduced into the receiving stream during normally dry periods so it may have a net beneficial effect
in terms of maintaining minimum stream flow conditions. Furthermore, the loss of the return flows could
be offset by a reduction in irrigation diversions resulting in no net affect on the stream flow.

4322 Alternative 3A

For surface water resources, potential direct impacts from the proposed project generally would include
flow and water quality effects on part of lower Trinity River, a portion of Cedar Bayou, and Lake Houston
and its floodplain, modifications of existing runoff and sediment yield conditions within or adjacent to the
proposed project area, effect on surface water features such as intermittent and ephermeral streams, and
ponds, and effects to surface water quality in the project area and vicinity. Indirect impacts potentially
would include the effects of river crossings on aquatic habitat, on other ecological or scenic values, on
wetland hydrology, or on existing road infrastructure. The proposed IBT could potentially contribute to
existing cumulative effects on surface water quantity and quality in the region.

Lake Houston is an in-channel impoundment (USGS 2000) and the lake bottom includes deep areas
along the original river channel and shallower areas on the original banks’ inundated parts. The geometry
of Lake Houston in the northern part of the lake is complex, because three inlets converge (including

Luce Bayou). Elevation and depth values were assigned to the model cells in the Lake Houston based

on bathymetric data collected by the TWDB (TWDB 2003) and a tool for visualizing the water circulation
patterns in Lake Houston was developed. Water velocity vectors in the lake’s top and bottom layers were
developed for specific model conditions. The visualizations allow the qualitative comparison of the model
results with external stimuli such as wind speed, inflow and diversion rates. Historical water movement
patterns for 2000, 2004 and 2008 were estimated using the EFDC model. The hydrodynamic model was
developed to evaluate:
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= Water movement related to the LBITP full diversion from the Trinity River

= Water movement related to differing water levels dictated by changes in Lake Houston operations, i.e.,
drops in water surface elevation of 0 feet (45.0 feet MSL), 2, and 5 feet (worst-case scenario)

= Water surface elevation impacts by historical inflow patterns (i.e., low-flow, high-flow and average-flow
conditions)

The WASP model was used under various drawdown scenarios to simulate water quality in Lake Houston
resulting from LBITP. The eutrophication module within WASP was used to simulate nutrient fate and
transport. The same model grid developed for the EFDC model was used for WASP to allow flows
estimated by EFDC to be used on WASP model input. Various water quality scenarios were defined by
the Espey study to evaluate impacts on eutrophication and nutrient concentrations with LBITP and
without LBITP, and various Lake Houston drawdown scenarios (0O feet, 2 feet, and 5 feet). The model
results indicate most water quality parameters would not change appreciably after implementing the
LBITP, except for dissolved oxygen and chlorophyll-a. However it was found that the LBITP would be
beneficial to Lake Houston’s water quality by increasing the dissolved oxygen rate and reducing hypoxic
events and algal blooms. Among the various water quality parameters investigated, dissolved oxygen
showed the largest variability as it decreased with increased drawdown to the greatest degree. Based on
the study conducted, drawing down the Lake Houston water elevation deteriorates the water quality,
because nutrient loads and benthic effects (such as sediment oxygen demand, benthic ammonia flux, and
benthic phosphate flux) are exerted on a decreased water volume. Generally, the model scenario with
the full LBITP diversion and no Lake Houston elevation change (0 feet drawdown) resulted in the best
overall water quality for Lake Houston due to the good water quality from the Trinity River.

A study completed by the USGS to evaluate LBITP’s effect on Lake Houston's water quality indicated no
significant changes in water quality would occur. Results are discussed below.

= The proposed LBITP would not have an effect on salinity levels in the lower Trinity River or Lake
Houston, since the project is not located in a tidally influenced area. Downstream from the proposed
lower Trinity River diversion point and CRPS is a saltwater barrier (Wallisville Salt Water Barrier), which
prevents saltwater intrusion from occurring in the Trinity River during low flow conditions.

= Water chemistry would not be impacted during LBITP’s construction. The water transferred from the
Trinity River to Lake Houston could locally result in an insignificant change to Lake Houston's water
chemistry. No water chemistry change would occur in the Trinity River. The USGS assessed LBITP’s
effect on the Lake Houston’s water quality, and determined that ammonia nitrogen would not be
affected, and phosphorus and nitrite plus nitrate nitrogen may decrease slightly.

= Dissolved oxygen levels in Lake Houston would not change significantly (+1 part per million) due to
transferring water from the Trinity River to Lake Houston (Espey 2010). Dissolved oxygen levels in the
Trinity River would not be impacted by LBITP’s construction or operation.

= Based on predictive models conducted for LBITP, there should be no change in water chemistry with
respect to potential eutrophication or nutrient loading (Espey 2010). The Trinity River and San Jacinto
River basins (Lake Houston) exhibit similar characteristics. No additional nutrient sources or impacts
would be expected due to LBITP, although a decrease in nutrient loading to Gillen Bayou may occur as
cattle operations cease in the area proposed for compensatory mitigation.

= Short-term increases in water turbidity and associated decreases in water clarity would be expected
during LBITP construction activities. During operation, some increases in turbidity could occur in the
pump station’s immediate vicinity (Trinity River) and outfall (Luce Bayou). The turbidity would be
localized, and suspended sediment would settle from the water column with time.
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The LBITP is the interbasin transfer of water from one watershed to another. Interbasin transfers such as
this allow an increased opportunity for invasive species migration from the source to receiving waters.
Additionally, the transfer will potentially reduce flow in the Trinity River below Dayton, because the Lake
Livingston water rights are not fully utilized today. The effects of this reduced flow in the lower Trinity
River would be mitigated by the existence of the Wallisville Saltwater Barrier at the mouth of the river,
which maintains a minimum river level for navigation and prevents the migration of brackish water
upstream.

Construction for a sedimentation basin is proposed as part of LBITP. The basin would be approximately
three miles from the CRPS at the discharge end of the proposed Alternative 3A pipeline, immediately
upstream of the conveyance canal. The sedimentation basin would remove sediment pumped through
the lower Trinity River intake and conveyed through the proposed LBITP pipeline. The water flow rate
into the sedimentation basin would be designed so the majority of the conveyed sediment would settle to
the basin’s bottom and would not be discharged into LBITP’s conveyance canal. The sediment contained
within the basin would be periodically removed and stored onsite prior to final disposition.

In 2000, in conjunction with Houston, the USGS investigated the effects from transferring Trinity River
water into Lake Houston, either to augment East Fork stream flow or to replace West Fork stream flow.
Alternative 3A does not appear to be detrimental to water temperature, ammonia nitrogen, or dissolved
oxygen regardless of the water transfer scenario modeled or evaluated. Phosphorus and nitrite plus
nitrate nitrogen showed fairly large changes if Trinity River water was transferred into Lake Houston to
replace West Fork stream flow, and minimal or no change if Trinity River water was transferred to
augment East Fork stream flow (USGS 2000). Algal biomass showed large decreases if Trinity River
water was transferred into Lake Houston to augment East Fork stream flow, and large increases if Trinity
River water was transferred to replace West Fork stream flow. Regardless of the water-transfer scenario
modeled, the model results indicated light is the limiting factor for algal biomass growth (Estimated Effects
on Water Quality of Lake Houston from Interbasin Transfer of Water from the Trinity River, Texas, USGS
Water Resource Investigations Report 00-4082 [2000] Appendix J).

Espey Consultants, Inc. performed an in-depth evaluation on Alternative 3A’s impact on water quality in
Lake Houston based on hydrodynamic and water quality modeling (reference: LBITP Water Quality
Assessment and Hydrodynamic Study 2009; Appendix K). The Water Quality Analysis Simulation
Program (WASP) model helps predict water quality responses to natural conditions. The WASP model is
a dynamic compartment-modeling program for aquatic systems that was linked with the Environmental
Fluid Dynamics Code (EFDC) hydrodynamic model to help understand Alternative 3A’s effects on water
guality and the aquatic system given historical flow data, water depths and water mixing.

The lower Trinity River segment in the vicinity of the LBITP is not used for commercial navigation and,
therefore, no impacts to regional commercial shipping would occur. See Section 4.7 relative to potential
impacts to recreational boating and canoeing. As with other elements constructed within the lower Trinity
River, short-term temporary increases in suspended sediment concentrations, turbidity, and sediment
deposition would occur from project-related disturbance. Short-term temporary increases in suspended
sediment concentrations, turbidity, and sediment deposition would be minimized by implementation of
erosion control measures. During the inactive periods, high flows would subject stockpiled materials to
erosion. Flow paths between material stockpiles, construction area, and the haul road would promote
additional erosion, turbidity, and sedimentation between the embankments and into the river during
overbank flows. These flow and water quality impacts would be short-term in nature. Because of the
potential for these impacts from excavation, stockpiling, and equipment tracking during wet periods,
monitoring and mitigation may need to be considered. Construction effects and the long-term presence
of the LBITP structures present in the lower Trinity River may induce channel migration although
additional studies and modeling would be performed during final design to develop appropriate long-term
mitigation for channel migration.
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Upstream or downstream effects could occur; old channel scars occur in both directions. A relatively
straight reach of the river is downstream and with adequate foundations, the proposed bridge and
embankment would help anchor the channel. These factors likely would minimize downstream bank
shifting and channel migration. The river is strongly meandering upstream of the crossing. Flood flows
through Mud Creek and circulation patterns near Capers Ridge of the lower Trinity River during flooding
may encourage additional bar and bank shifts in meanders and effects on opposite and adjoining
properties owned by the USFWS (Trinity River NWR parcels near both the proposed CRPS and the
existing TRPS). Additional sediment transport, turbidity, and deposition could result and these effects
could vary widely in their intensity and timing and hence potential effects.

The lower Trinity River is dominantly a sand-bed channel (Baird 2010). Based on general sand sizes and
flocculation of smaller particles in the flow, suspended sediments from construction during low flows likely
would settle out within a mile or so downstream of the proposed channel crossing. For example, with a
flow depth of approximately 4.5 feet and a mean downstream velocity of approximately 1.2 to 1.5 f/s, a
small sand particle will settle out of reasonably calm flow in approximately 100 feet or less. Re-
suspension could increase that distance, but it gives a general idea of a potential downstream impact
area for sands. Under the same conditions, dispersion and settling of clay aggregates from the water
column typically would occur over a much greater river distance. Depending on water chemistry and a
concentration criterion, silts and clays in that flow may require 0.5 mile or more to settle out to the criterion
or to a background concentration. Changes in flows, turbulence, and re-suspension would modify those
settling distances as well as background concentrations. Nonetheless, increases in suspended sediment
concentrations, turbidity, and sediment deposition would occur from project disturbance in and adjacent to
the river, generally on the order of the distances mentioned here. These water quality changes would be
short-term in nature. Because of the potential for channel mitigation, sedimentation, and turbidity impacts
to a waterbody that is a candidate “Ecologically Significant River Segment”, additional mitigation is being
considered as discussed in Chapter 6 (Baird 2010 and Baird 2012).

43.2.3 Alternative 4

As described in Chapter 2, Section 2.7, these actions would result in short-term to long-term impacts to
surface water resources in the project area. Alternative 4 is estimated to impact 66-wetland-acres and a
little over 4,000 linear-feet of waters of the U.S., including wetlands. Alternative 4 would also realize a
low number of wetland impacts and would traverse through mostly agricultural land uses. Because of
these features, it will also be evaluated in more detail in this DEIS.

Varying lengths for intermittent and perennial streams and stream segments would be located within the
300-foot wide corridor proposed for Alternative 4. Stream lengths are estimated according to linear-feet
of stream located within the Alternative 4 ROW. For alternatives designed as subsurface pipeline for
most of the conveyance distance or for a limited distance, the potential exists to avoid most stream
segments by tunneling beneath the stream. However, virtually all woody vegetation and trees within any
of the pipeline ROW would be cleared and permanently maintained as grassed areas.

Alternative 4 crosses through part of the Cedar Bayou watershed. About half of the watershed is in Harris
County and the other half in Liberty and Chambers counties. Cedar Bayou is a southward flowing stream
originating in Liberty County and enters Galveston Bay approximately 60 miles from its headwaters. The

watershed encompasses approximately 202 square miles, and Cedar Bayou is the primary surface water

feature. About 128 miles of open streams exist within the Cedar Bayou watershed, inclusive of the bayou
itself and its tributaries.
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Constructing and operating either improved canal conveyances or pipelines effect the watershed
including altered drainage patterns and introducing other pollutants due to pipeline ROW or canal O&M.
Mitigating these would require detailed management plans and consistent plan enforcement. Generally,
any conveyance alternative traversing the watershed would have the potential to adversely affect the
watershed’s physical, chemical, and biological health. Alternatives using the existing canal system could
have a lesser impact on the watershed. However, necessary improvements to the system as described
earlier and the likelihood new canal alignments would be required to avoid wetlands reduces the
feasibility to extensively use the existing canal system without major changes.

4324 Alternative 6

As described in Chapter 2, the proposed LBITP would result in short-term to long-term impacts to surface
water resources in the project area. Varying lengths for intermittent and perennial streams and stream
segments would be located within the 300-foot-wide corridor proposed for Alternative 6. Stream lengths
are estimated according to linear-feet of stream located within the Alternative 6 ROW. For alternatives
designed as subsurface pipeline for most of the conveyance distance or for a limited distance, the
potential exists to avoid most stream segments by tunneling beneath the stream. However, virtually all
woody vegetation and trees within any of the pipeline ROW would be cleared and permanently
maintained as grassed areas.

One area to be traversed by Alternative 6 is the Cedar Bayou watershed. About half of the watershed is
in Harris County and the other half in Liberty and Chambers counties. Cedar Bayou is a southward
flowing stream originating in Liberty County and enters Galveston Bay approximately 60 miles from its
headwaters. The watershed encompasses approximately 202 square miles, and Cedar Bayou is the
primary surface water feature. About 128 miles of open streams exist within the Cedar Bayou watershed,
inclusive of the bayou itself and its tributaries.

Constructing and operating either improved canal conveyances or pipelines effect the watershed,
including altered drainage patterns and introducing other pollutants due to pipeline ROW or canal O&M.
Mitigating these would require detailed management plans and consistent plan enforcement. Generally,
any conveyance alternative traversing the watershed would have the potential to adversely affect the
watershed’s physical, chemical, and biological health. Alternatives using the existing canal system could
have a lesser impact on the watershed. However, necessary improvements to the system as described
earlier and the likelihood new canal alignments would be required to avoid wetlands reduces the
feasibility to extensively use the existing canal system without major changes.

4.3.3 Water Resources Development

Upper basin return flows are an important consideration in this study due to their inclusion in the base
model and, in particular, the substantial contributions made by Region C return flows to Region H in the
Trinity Basin model. Water imports into the upper Trinity River Basin account for additional return flows
which may potentially be an important source for lower basin water rights and B&E inflows. This is made
even more important due to the Trinity being a source basin for several major IBTs to the San Jacinto
supplying the major demand centers in Region H. The importance of return flows to the WMS models
presented in this study is highlighted by comparing the C and F model results. For every month of the full
simulation period, adding return flows in the C model resulted in increased B&E flow over the F model,
with a 27,897 acre-foot minimum monthly increase and a 80,878 acre-foot median increase.

4331 No Action

The impacts to future water supply resulting from the method used to address B&E target flow shortages
can be demonstrated as a function of future firm yield and future reservoir storage. Releasing stored
water from Lake Houston and Lake Livingston will result in reduced water supplies available for diversion
for both reservoirs and potential upstream supply reductions. Supply impacts can be quantified as a
reduction in future firm yield and/or a reduction in future reservoir storage.
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Firm yields were calculated for the E model and revised models for key rights, including supplies
identified in the 2006 RWP and as potentially impacted WMS. Results from the revised models were
compared to the E model to determine any change in minimum annual diversion. The results, shown in
Table 4-5, demonstrate that, in spite of the significant effects on reservoir levels, the altered reservoir
operations used to meet FTA goals do not alter Trinity or San Jacinto Basin’s firm yields, because the
reservoirs do not empty at any time and monthly diversions continue to be met from a combination of
reservoir inflow and stored water.

These results, indicating no impact to firm yield supply due to reservoir releases, primarily come from
including expected return flows in the E model. Importing water coupled with including expected return
flows in the E model creates significant water volumes in the lower Trinity and San Jacinto basins made
available for firm yield diversions and B&E flow releases. These return flows; however, are not currently
permitted for use in the lower basins. Without including these return flows, the impact to future firm yield
for the supplies would be significantly more pronounced.

Table 4-5:
Minimum Annual Diversions for Max H and Min Q-Sal Reservoir Operation

Model Minimum Annual Diversion (ac-ft)
Permit Revised Revised Min
Basin Description (ac-ft) E Max H Q-Sal
San Jacinto | Lake Houston 168,000 168,000 168,000 168,000
San Jacinto | Lake Conroe 100,000 82,266 82,266 82,266
Trinity Houston Livingston 940,800 940,800 940,800 940,800
Trinity *SJRA/Devers ROR 58,500 58,285 58,285 58,285
Trinity *Houston/Dayton 38,000 34,084 34,084 34,084
Trinity CLCND - Lake Anahuac 39,613 9,317 9,317 9,317
Trinity *CLCND Fixed Right — CWA 73,334 73,334 73,334 73,334
Trinity *SJRA - CLCND Fixed Right - CWA 30,000 30,000 30,000 30,000
Trinity Livingston — TRA 403,200 403,200 403,200 403,200

**Established through fixed right agreements.

4332 Alternative 3A, Alternative 4, and Alternative 6

Upper basin return flows are an important consideration due to their inclusion in the base model and, in
particular, the substantial contributions made by Region C return flows to Region H in the Trinity Basin
model. Water imports into the upper Trinity River Basin account for additional return flows which may
potentially be an important source for lower basin water rights and B&E inflows. This is made even more
important due to the Trinity being a source basin for several major IBTs to the San Jacinto River basin
that provides water to Houston.

4.3.4 Water Supply and Management

For this analysis related to the implementation of the LBITP (all action alternatives), the TCEQ Water
Availability Model was updated to include the water management strategies recommended by the Region
C and Region H planning process. The tributaries to Galveston Bay were then modeled under four
scenarios to compare the results with and without the recommended strategies. The scenarios used
were Run 8 “Current Conditions” (current levels of water diversions and return flows), Run 1 (full use of
water rights with current percentage of return flows), Run 3 (full use of water rights with no return flows)
and a future condition (full use of water rights, new strategies in place, and full return flows except for
recommended reuse strategies). The first three models used the year 2000 reservoir sedimentation
conditions to represent the 2010 condition, and the fourth used the 2060 condition. The future
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sedimentation condition benefits downstream projects, because upper basin projects have less capacity
to store available flows. In this case, Lakes Houston and Livingston may be considered downstream
projects.

The results of these simulations are summarized in Table 4-6. Reservoir elevations, capacities and
surface areas are shown in Figure 4-7, Figure 4-8 and in Figure 4-9 as a reference. Percentile values
indicate the percentage of time the result value is less than or equal to the subject value. Therefore, the
maximum value is the full lake elevation, the median value is the lake level in 50 percent of the monthly
outputs, and the minimum value is the lowest monthly elevation in the simulation. Because the yield of
these water supply reservoirs is based upon full use of the stored water during the drought of record, the
Run 3 minimum elevation is, by definition, the lake bottom elevation. Note that this value is greater in the
2060 conditions simulation due to the projected accumulation of sediments on the reservoir floor. Each
simulation run used the same 57-year inflow data set, which includes the drought of record period.

Table 4-6:
Lake Level Percentile Summaries

Lake Conroe Water Surface Elevations

Current Yr 2010 Yr 2010 Yr 2060 w/

Conditions Run 1 Run 3 Strategies
Maximum 201.0 201.0 201.0 201.0
90th 201.0 201.0 201.0 201.0
75th 201.0 200.5 200.5 200.5
Median 200.5 198.4 198.2 198.5
25th 198.6 193.6 193.0 194.2
10th 195.3 184.2 183.1 185.9
Minimum?* 187.8 145.0* 145.0* 152.0*
*estimated

Lake Houston Water Surface Elevations

Current Yr 2010 Yr 2010 Yr 2060 w/

Conditions Run 1 Run 3 Strategies
Maximum 44.0 44.0 44.0 44.0
90th 44.0 44.0 44.0 44.0
75th 44.0 44.0 44.0 44.0
Median 44.0 44.0 44.0 44.0
25th 43.3 43.3 42.8 44.0
10th 42.0 42.0 40.4 43.8
Minimum 32.8 32.8 9.0* 40.3

*estimated, surface elevation shown is lake bottom

Lake Livingston Water Surface Elevations

Current Yr 2010 Yr 2010 Yr 2060 w/

Conditions Run 1 Run 3 Strategies
Maximum 131.0 131.0 131.0 131.0
90th 131.0 131.0 131.0 131.0
75th 131.0 131.0 131.0 131.0
Median 131.0 131.0 129.8 131.0
25th 130.5 130.4 124.3 129.5
10th 129.0 128.0 116.5 127.1
Minimum 125.5 114.0 60.0* 120.7

*estimated, surface elevation shown is lake bottom
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As can be seen from Table 4-7, under current conditions Lake Conroe would have a 13-foot elevation
variation range during the historical period, Lake Houston an 11-foot range and Lake Livingston a 5-foot
range. In all cases, the lakes are essentially full more than 50 percent of the time. To compare the runs
with and without management strategies, it is best to compare Run 1 with the Recommended Strategies
simulation, because both models use expected return flows.

Figure 4-7:
Lake Conroe Surface Area and Capacity (2060 Conditions)
Surface Elevation Surface Storage Fill
Area Volume
Feet (msl) Acres Acre-Feet Percent
201 19,360 377,560 100
195.5 15,600 283,170 75
188.7 12,190 188,780 50
179.5 8,500 94,390 25
152 Bottom
Figure 4-8
Lake Houston Surface Area and Capacity (2060 Conditions)
Surface Elevation Surface Storage Fill
Area Volume
Feet (msl) Acres Acre-Feet Percent
44 11,850 106,410 100
41.5 9,250 79,810 75
38.0 7,780 53,210 50
33.4 5,700 26,600 25
20 Bottom
Figure 4-9
Lake Livingston Surface Area and Capacity (2060 Conditions)
Surface Elevation Surface Storage Fill
Area Volume
Feet (msl) Acres Acre-Feet Percent
131 82,920 1,717,080 100
125.4 70,600 1,287,810 75
118.6 56,920 858,540 50
109.8 39,510 429,270 25
63 Bottom

For Lake Conroe, full use of water rights reduces the frequency of the lake being full from 50 percent to
25 percent of the time in every simulation. The lake level falls below the current conditions minimum
elevation between 10 and 25 percent of the time. The transfer of water to Lake Houston via Luce Bayou
slightly increases the levels in Lake Conroe, but otherwise the two models are about the same.
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For Lake Houston, the full use of water rights does not significantly change the lake level frequencies.
This is mainly due to the fact that Lake Houston is senior in priority date to Lake Conroe, and therefore
the model always stores available flows in Lake Houston first, and then makes the remainder available to
Lake Conroe. In actual operation, a better balance is maintained between the two, but Lake Conroe will
always decline faster than Lake Houston because it is supplied from a smaller watershed. Of note in the
future condition simulation is that the import of water through Lake Houston via the Luce Bayou transfer
increased the frequency of the lake being full from 50 percent to 90 percent of the time.

Finally, the Lake Livingston results show how dependent the reservoir is upon return flows from upstream
(Run 3 condition). Under the recommended strategies run, the results are very close to the current
conditions simulation. This is because increased use in the upper Trinity Basin is off-set by increased
import of out-of-basin supplies. Region H indirectly benefits from the growth of the Dallas-Fort Worth
Metroplex. In the current round of planning, Region C is increasing the amount of recommended reuse,
although it is not expected they will reach the full-reuse condition modeled in Run 3.

The drought of record lasted six years, and subsequent droughts have exceeded two years in duration.
Based on simulations and modeling, when significant declines in lake levels occur, they will not be
instantaneous events, but will be a subset of the overall drought period. Generally speaking, a month
with low lake levels will impact a land owner’s ability to use a dock. A year with low lake levels may
impact his property rental or resale value. Similar inferences may be made as to the impacts on lake area
communities and businesses.

Reduced lake levels will also impact water quality. During extreme low flow periods, reduced residence
time in the reservoir will lessen the beneficial affects of sediment settling. Because the climate in this
area is mild, the seasonal turn-over in lakes occurs less frequently than in colder climates. When
reservoirs are drawn down, the denser lower layer of water will be withdrawn, which may increase the
level of treatment required for use.

435 Environmental Flows

In 2007, Senate Bill 3 took effect, beginning the environmental flows allocation process for new water
rights permits in Texas. The water management strategy described by regional water planning efforts as
the LBITP is authorized by existing Houston water-rights permits which are not subject to future
environmental flow allocations.

The 2009 Environmental Flows Study was supplemented by the Region H RWP to evaluate
environmental flows in the year 2060, and another study was conducted to determine the impacts of
management strategies in the decades of 2010, 2020, 2030, 2040, 2050 and 2060. This study over the
entire planning horizon took into account impacts from upstream return flows from and reuse within
Region C to determine overall variation in inflows to Galveston Bay. In general, the study demonstrated
near-term reductions in return flows from the upper Trinity River Basin were mitigated over time due to
increased demands in the upper basin. These increased flows also counteracted increased water supply
use by Region H.

Based on the SB 1 analyses conducted, the LBITP was in compliance with Galveston Bay Freshwater
Inflows Group (GBFIG) target inflows using State Methodology for determining freshwater inflow needs.
Under SB 3, as of April 20, 2011 (effective May 15, 2011), the TCEQ adopted environmental flow
standards for the Trinity and San Jacinto Rivers and their associated tributaries, and Galveston Bay
including Trinity, East and West Bays (30 TAC 298 Subchapter B), as required under SB 3. These
environmental flows standards identify target environmental flow goals that were developed to meet a
sound ecological environment while considering competing water needs such as the present and future
water requirements presented by the Region H RWP (including the proposed LBITP) and adopted as part
of the State Water Plan (2011).
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4351 No Action

During normal flow conditions in the Trinity River, sufficient flow is present to meet all downstream water
rights. Under low flow conditions, Lake Livingston reservoir operators carefully track raw water
withdrawals and release only as much water from the reservoir as is needed to meet all downstream
water rights. Over the past 20 years, flows in the Trinity River have generally been maintained above
757 cfs or the 1 percent calculated flow-through of releases from Lake Livingston.

435.2 Alternative 3A

After the proposed project has been constructed and is operational, the TRA would release additional
water during otherwise low flow periods to meet LBITP’s permitted water demand. Future low flow rates
were determined through a modeling exercise conducted for the LBITP. Trinity River's minimum water
surface elevation (WSE) is expected to be approximately 16.9 feet MSL. This elevation is associated with
an approximate 1,000 cfs minimum flow rate at Capers Ridge. The anticipated minimum flow rate
maintained by releases from Lake Livingston after Alternative 3A has been constructed is anticipated to
be higher than flow rates during in the last 20 years in the Capers Ridge vicinity, resulting in a potential
positive, although variable, benefit to the flow regime.

The Environmental Flows Study (2009) was developed to analyze the effects of the LBITP on B&E flows
of the lower Trinity River and Galveston Bay. Based on the analyses conducted, the LBITP was in
compliance with Galveston Bay Freshwater Inflows Group (GBFIG) target inflows using State
Methodology for determining freshwater inflow needs. Based on the SB 1 analyses conducted, the LBITP
was in compliance with GBFIG target inflows using State Methodology for determining freshwater inflow
needs. Under SB 3, as of April 20, 2011 (effective May 15, 2011), the TCEQ adopted environmental flow
standards for the Trinity and San Jacinto Rivers and their associated tributaries, and Galveston Bay
including Trinity, East and West Bays (30 TAC 298 Subchapter B), as required. These environmental
flows standards identify target environmental flow goals that were developed to meet a sound ecological
environment while considering competing water needs such as the present and future water requirements
presented by the Region H RWP (including the proposed LBITP) and adopted as part of the State Water
Plan (Region H RWP 2011).

Based on the dissertation, Environmentally-related Water Trading, Transfers and Environmental Flows:
Welfare, Water Demand and Flows used the TEXRIVERSIM model (and other analyses) water use, flows
and freshwater inflows for the San Jacinto River watershed (i.e., the IBT receiving basin) all increased
due to the proposed LBITP water transfer and diversion. In addition, for the San Jacinto River basin, the
relationship between freshwater diversion was, on a relative basis, strongly positive (Han 2008). The
freshwater inflow recommendations to meet B&E requirements could also be met on average for the
Trinity River basin and Galveston Bay based on the study conducted.

The B&E flow pattern to the Galveston Bay system from the Trinity River results from the combined
effects of Region H water management strategies including upstream implementation of Region C
conservation strategies (reuse and return flows). Evaluation of Region C return flows and Trinity Bay
inflows indicate upstream reuse will have an effect on Galveston Bay inflows. Based on modeling
studies, the net effect on B&E flows into Galveston Bay from approved Region H water management
strategies after 2010, including Alternative 3A, meet the Galveston Bay Freshwater Inflows Group
(GBFIG) identified environmental flow targets, although there is anticipated to be year-to-year variability.
See Appendix A for a copy of the Environmental Flows Study issued in 2009 which provides an analysis
of the environmental flow effects on Region H’s proposed water management strategies including the
LBITP.
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Due to the recent adoption under the Texas SB 3 program for Galveston Bay system'’s freshwater inflow
standards, the decision-making process for future water rights applications would be guided by a new set
of freshwater inflow criteria. Although these new criteria do not directly apply to LBITP, since its water
rights are already in place, the impact from implementing LBITP was evaluated as it relates to the
attainment frequency for these new seasonal and annual target flow criteria. In particular, the attainment
frequency for these new criteria was modeled using the same models described previously for the base
condition D both with and without LBITP as described in the subsection above.

Table 4-8 and Table 4-9 show the FTA both with and without LBITP for the three different target
frequencies of four seasonal flow volumes, which are identified under the SB 3 program. Under both
alternatives, the Trinity River diversions from LBITP and TRPS result in reduced freshwater inflows into
Trinity Bay and a corresponding increase in flow volumes into San Jacinto Bay; therefore, only the
reductions in FTA for Trinity Bay are shown below.

Table 4-8:
Target Freshwater Inflows for Trinity Bay with LBITP
Target (Ac-Ft) Percent Period Meeting Target
Frequency
Season Flow (Percent) 2010 2020 2040 2060
Winter 500,000 40 75 73 73 73
Spring 1,300,000 40 63 63 63 63
Summer 245,000 40 58 56 56 56
Fall 0 40 100 100 100 100
Annual 2,816,532 40 70 70 70 70
Winter 250,000 50 88 88 88 88
Spring 750,000 50 68 68 68 68
Summer 180,000 50 65 63 60 60
Fall 0 50 100 100 100 100
Annual 2,245,644 50 75 75 75 75
Winter 160,000 60 89 88 88 88
Spring 500,000 60 82 79 75 75
Summer 75,000 60 75 75 74 74
Fall 0 60 100 100 100 100
Annual 1,357,133 60 81 81 81 81
Table 4-9:
Target Freshwater Inflows for Trinity Bay Without LBITP
Target (Ac-Ft) Percent Period Meeting Regime Drought Inflow
Frequency

Season Flow (Percent) 2010 2020 2040 2060

Winter 500,000 40 75 75 73 75

Spring 1,300,000 40 63 63 63 63

Summer 245,000 40 58 58 56 58

Fall 0 0 100 100 100 100

Annual 2,816,532 40 70 70 70 70
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Target (Ac-Ft) Percent Period Meeting Regime Drought Inflow
Frequency
Season Flow (Percent) 2010 2020 2040 2060
Winter 250,000 50 88 88 88 88
Spring 750,000 50 68 68 68 68
Summer 180,000 50 65 65 65 65
Fall 0 0 100 100 100 100
Annual 2,245,644 50 75 75 75 75
Winter 160,000 60 89 89 89 89
Spring 500,000 60 82 82 81 81
Summer 75,000 60 75 75 75 75
Fall 0 0 100 100 100 100
Annual 1,357,133 60 81 81 81 81
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As shown in the two tables, even with the substantial reductions in flow caused by these future
diversions, the targeted attainment frequencies for all seasonal and annual volumes are achieved on a
greater percentage rate than required for the TCEQ adopted standards. This is true for all decades
modeled and for all seasons, whether all diversions are occurring at the TRPS (without LBITP) or at
CRPS (with Alternative 3A). The lowest FTA is for the summer season where a 56-58 percent FTA is
achieved for the 40 percent frequency goal, a total of 16 to 18 percent above the FTA. The closest FTA
to any goal is for the summer 60 percent target where the FTA is 74 percent in some decades,
representing only 14 percent greater than desired.

The principal conclusion from this analysis is the high level of return flows remaining in the Trinity River
basin and the naturally occurring high flow events are adequate to achieve the TCEQ freshwater inflow
targets for Trinity Bay, even with substantial future diversions required to serve Houston and its industrial
and regional customer’s water supply requirements. This study was intended to evaluate the impacts
from individual management strategies on environmental flows including B&E inflows and instream flows
in channels. An evaluation of impacts to existing and future water supplies was also performed for two
scenarios aimed at increasing the frequency for attaining B&E inflow targets. The following observations
were made through the course of the study:

In general, including strategies upstream from and within Region H generally leads to a net increase in
B&E inflows due to importing new water to the basin. B&E flows generally transition from originating in
the Trinity River Basin to the San Jacinto River Basin as time passes, and additional water is diverted to
meet water demands of the San Jacinto River basin. Removing return flows from Region C resulted in a
20 percent reduction in B&E discharges from the Trinity River, which represents a substantial impact to
the total volume of B&E flows. Reductions in the firm yield for six of seven key water rights were also
caused by eliminating upstream return flows.

4353 Instream Flows

The predominant source of change to instream flows to rivers would be related to increases in flow due to
new water sources such as IBTs and groundwater recharge. The LBITP is intended to receive water at a
point (Capers Ridge) above the existing TRPS; water supply from Capers Ridge would be delivered to
Lake Houston for treatment at the Northeast Water Purification Plant (NEWPP). The LBITP would not
replace current demand for water from the EWPP or the SEWPP that receive water from the existing
TRPS. Over time, the demand for water at both the proposed CRPS and the TRPS would increase due
to projected population growth. When the LBITP is added as a diversion along the Trinity River,
additional reservoir releases would occur to provide available flows in excess of TRPS demand at the
Capers Ridge diversion point in accordance with the water rights permit. Therefore, the presence of the
LBITP reduces the magnitude of flows in excess of TRPS demand in the Trinity River. For the median
flows, this reduction becomes more pronounced downstream.

Environmental Impact Statement

Luce Bayou Interbasin Transfer Project October 2012



4-56

AECOM investigated the potential effects of the LBITP on instream flows in the lower Trinity River. The
results of that study showed that, at shorter timescales, the presence of the LBITP and withdrawals at the
proposed CRPS, along with the projected increased demand at the existing TRPS, would enhance flows
in the river during times of low river flows as releases are made from Lake Livingston. For this
phenomena, the greatest effect would be in the river reach that extends from Lake Livingston to the
Capers Ridge diversion point. At the same time, LBITP diversion of Trinity River may result in a
dampening of peak flows, primarily downstream of Capers Ridge. In addition, there may be an increased
baseflow in the Trinity River as water is conveyed from Lake Livingston to the CRPS and the existing
TRPS. This effect may be naturally mitigated through increased downstream tributary contributions to the
lower Trinity River. Reductions in annual median flow increase with time as diversions increase, with
these effects being most pronounced downstream of Capers Ridge (further downstream of the Romayor
gauge). However, on an annualized basis, the apparent reduction in lower Trinity River instream flows is
approximately seven percent (see Appendix M).

4354 Reduction and Mitigation of Potential Impacts

CWA operational and water quality goals for Lake Houston include minimizing change to the Lake
Houston water level elevations and meeting the daily water demands at the NEWPP by carefully
operating the LBITP (i.e., Alternative 3A, Alternative 4 or Alternative 6). To address these issues, the
Region H Planning Group authorized a study to evaluate a variety of flow conditions for the year 2060,
and examine the impacts from individual WMS. The Water Rights Analysis Package (WRAP) was
executed for five baseline conditions, which did not include Region H strategies, plus 12 sets of strategy
models that were intended to isolate the impacts from individual Region H WMS. Strategy models were
developed from a base model representing Full Authorized Diversion conditions with expected return
flows and no term permits. A study was also undertaken to assess methods for increasing the frequency
at which B&E inflows targets were attained and assess the impacts such an approach would have on
existing and future water supplies.

Alternative 3A is located in Region H of TWDB'’s designated areas for state water planning efforts. The
environmental flow requirements developed by Texas for the downstream Trinity River, Trinity Bay, and
Galveston Bay have been refined and ultimately adopted on a percentage basis by the GBFIG.
Freshwater inflow sources to the bay are a combination of major and minor rivers and surface inflow from
the surrounding watershed (i.e., storm water runoff) which goes directly into the bay. Freshwater inflows
contributions into Galveston Bay include: 54 percent from the Trinity River, 28 percent from the San
Jacinto River and 18 percent from the local watershed (runoff and creeks) (GBFIG 1995). The 2011
Initially Prepared Region H Water Plan incorporates as an Appendix the Environmental Flows Study
issued in 2009. The Environmental Flows Study considered B&E flows for all the water management
strategies described by the 2011 Initially Prepared Region H Water Plan with reference to B&E inflow
targets recommended by the TWDB and the TPWD. These target inflows were examined primarily in
terms of frequency target attainment (FTA). Three sets of targets designed for maintaining fisheries have
been established, and are as follows.

= Max H — The monthly inflows sequence required for the maximum B&E fisheries harvest as
recommended by TWDB/Texas Parks and Wildlife Department (TPWD)

= Min Q — The monthly inflows sequence that minimizes annual volume needed to maintain the B&E
fisheries harvest as recommended by TWDB/TPWD

= Min Q-Sal — The monthly inflows sequence that maintains the B&E salinity constraint as recommended
by TWDB/TPWD

Monthly values for all three annual targets for the Galveston Bay system are shown in Table 4-10. In
general, Max H represents a target condition for ultimate production (i.e., to maximize harvest) while Min
Q-Sal (minimum water quality represented by salinity) is a base condition that must be maintained on a
more reliable basis to maintain aquatic systems.
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Table 4-10:

Monthly Galveston Bay Inflow Targets (acre-feet)
Month Max H Min Q Min Q-Sal
1 150,500 150,500 150,490

2 155,200 216,700 216,700

3 652,800 363,900 363,900

4 632,500 352,600 267,270

5 1,273,700 679,700 309,970

6 839,700 448,100 413,560

7 211,500 232,700 211,500

8 140,000 154,000 140,000

9 103,000 330,200 102,960
10 78,600 251,900 78,600
11 351,500 351,500 164,390
12 626,800 626,800 93,870
Total 5,215,800 4,158,600 2,513,210

Source: AECOM Team 2010

The modeling scenarios evaluated for this study included:

= Scenario A: Naturalized flow—or a flow simulation which would have occurred without the presence of
man’s influence in the basin.

= Scenario B: Existing diversions with full return flows.

= Scenario C: Full authorized diversions with full return flows.

= Scenario D: Future 2060 conditions with existing permits and full return flows.

= Scenario E: Future 2060 conditions with return flows and all recommended strategies.
» Scenario F: Full authorized diversions with no return flows.

The model output was used to determine effects from implementing the strategy on FTA for freshwater
inflows into Galveston Bay for the Year 2060 condition. Monthly median freshwater inflows were
determined for Scenarios A, B, C, D, E and F. The strategy models represent a Full Authorized Diversion
scenario including expected return flows and strategies from upstream regions. Figure 4-10 compares
monthly medians, and shows median flows for the D and E models are lower than the naturalized flows
but higher than the C (full diversions with limited return flows) model. This effect is partially due to
including expected return flows (see the C model curve) and partially due to including water management
strategies.

Median flows for the E model were also found to be slightly lower than current conditions for the majority
of the year, but exceed current conditions for March, April, September and November. Freshwater
inflows for the E model were also evaluated with reference to FTAs recommended by the TWDB and
TPWD. For this modeling study, the recommended annual frequency was used as a placeholder for
evaluating seasonal variations (i.e., monthly distribution). Targets were assumed to be attained for a
period in which the flow met or exceeded the target.

Implementing WMS will impact the FTA and the proportion of inflow supplied by each basin. This is
especially important given several strategies proposed involve interbasin transfers of water in the Trinity
and San Jacinto Basins, which are the primary contributors to B&E flow. B&E inflows for the San Jacinto
and Trinity Basins for several model runs are shown in Figure 4-10.
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Figure 4-10:
B&E Contributions from the San Jacinto and Trinity Basins
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As shown in Figure 4-10, for naturalized conditions and the current conditions model, B&E inflows are
dominated by inflows from the Trinity River Basin. The proportion of flow provided by the Trinity River
Basin is lower for the remaining models, including the C model (Full Authorized Diversions + expected
return flows). However, implementing upstream WMS shown for the D, model causes an increase in
Trinity Basin’s relative contributions as compared to the C model. The proportion is slightly lower for the
E model, demonstrating the Region H strategies slightly increase the proportion of water coming from the
San Jacinto Basin. This is largely due to the proposed project, an IBT that provides 450 MGD of water
into the San Jacinto system.

Releasing water from reservoir storage on a discrete basis would increase monthly B&E flows and is the
least likely option to interfere directly with the water rights priority system. From a reservoir operations
standpoint, this is equivalent to managing releases when shortages for a particular month are less than
some specified level.

Such an operating scenario in which reservoir releases would be made to address only the smallest B&E
target flow shortages would minimize the volume of reservoir releases needed to meet frequency goals
and would decrease the possibility of reducing the firm yield of existing and future water rights. Other
relevant conclusions from this Region H study related to the freshwater inflow impacts for the LBITP
include the following.

¢ In general, including strategies upstream from and within Region H generally leads to a net
increase in freshwater inflows into Galveston Bay from importing new water into the basin.

¢ Impacts from individual Region H water management strategies are relatively minor, except for
water transfers from the Trinity River to the San Jacinto River basin, which resulted in a net
increase in the attainment frequency for one month.
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e Shortages in meeting Max H and Min Q-Sal targets generally occur in the spring, and shortages
of meeting Min Q generally occur in the summer months.

e Removing return wastewater flows due to planned reuse projects in Region C (Dallas/Fort Worth
area) was found to result in a 20 percent reduction in freshwater inflows from the Trinity River into
Trinity Bay.

The principal conclusion from this study as related to the current environmental flow evaluation is the
implementing water management strategies identified by the regional water plans, including LBITP and
Trinity River upper basin return flows from the Dallas Metroplex (Region C), would help meet
environmental flow planning criteria for Galveston Bay. Over the entire period of record, this is equivalent
to a 20 percent contribution of B&E discharges from the Trinity Basin.

Table 4-11 show of the seven major supply rights examined, six experienced a reduction in firm yield due
to removing upper basin return flows from the model runs. These reductions in firm yield ranged from 34
to 54 percent, with the most significant reduction occurring during the annual diversion that occurred
primarily in 1956, during the record drought. As such, the implementation of any future Region C water
management strategy that reduces return flows to Region H will have the potential to substantially alter
B&E flow regimes and the firm yield for water rights in the Trinity and San Jacinto River Basins.

Table 4-11:
Minimum Annual Diversions (MAD) With and Without
Upper Basin Return Flow (RF)

E Model without

E Model RF

MAD Min. | MAD Min.
Basin |Description Permit (ac-ft) | Date | (ac-ft) Date
Trinity |Houston Livingston 940,800 940,800| NA | 536,303| 1956

. *San Jacinto River Authority (SJRA)/Devers
Trinity Run of River (ROR) 58,500 58,285| 1950 | 33,718| 1956
Trinity |*Houston/Dayton 38,000 34,084 | 1956 | 15,846| 1956
Trinity |CLCND - Lake Anahuac 39,613 9,317| 1956 9,317| 1956
Trinity |*CLCND Fixed Right - CWA 73,334 73,334| NA 43,207 | 1956
Trinity |*SJRA - CLCND Fixed Right — CWA 30,000 30,000| NA 17,322 1963
Trinity |Livingston — TRA 403,200| 403,200 NA | 264,408| 1956
4.4 Floodplains and Floodplain Values

In accordance with the requirements of Executive Order 11988, Floodplain Management, as part of their
public interest review, projects should avoid to the extent practicable, long- and short-term significant
adverse impacts associated with occupying and modifying floodplains, as well as the direct and indirect
support of floodplain development whenever there is a practicable alternative.

The evaluation of potential impacts on floodplains considered whether the Alternative 3A or the No Action
alternative would cause any of the following conditions:

= Filling a floodplain in a manner that would expose people or structures to flooding;

= Constructing in a floodplain in a manner that would violate National Flood Insurance Program
requirements or result in changes that would increase the flood elevation level associated with a
100-year flood event by more than one foot or would increase an existing floodway; and/or
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= Constructing in a floodplain in a manner that would violate state or local floodplain management
regulations by causing an increase of an existing 1-percent annual chance of flood elevation by more
than 0.5 foot.

A hydrologic and floodplain analysis for the proposed project has been developed, and a summary of
these analyses follows.

44.1 Floodplains

A 1 percent (100-year) floodplain, also known as a Special Flood Hazard Area on a Federal Emergency
Management Agency (FEMA) Flood Insurance Rate Map (FIRM or floodplain map), is an area at risk for
flooding from a bayou, creek or other waterway overflowing during a 1 percent (100-year) flood.
Structures located in a 1 percent (100-year) floodplain have a minimum of a 1 percent chance of flooding
in any given year. Statistically, structures located in a 1 percent (100-year) floodplain have a minimum of
a 26 percent chance of flooding during a 30-year period of time. A mapped 1 percent (100-year)
floodplain is also an area where land development can be regulated by a city or a county.

441.1 No Action

Implementing No Action would result in no modifications to the local floodplain or special flood hazard
area and thus no permanent, direct or long-term effect on hydrology compared with baseline conditions.

4412 Alternative 3A

Alternative 3A ROW is almost entirely outside of the flood hazard zone of major streams. The flood
hazard zone that exhibits a one (1) percent chance of flooding in any given year as identified by a Flood
Insurance Study (FIS) exhibits the greatest risk of inundation when a stream overflows its banks. The
Alternative 3A canal conveyance extends through the watersheds of Gillen Bayou, Cedar Bayou and
Luce Bayou. An approximate 1.3-mile segment of the Alternative 3A ROW in the vicinity of Parcel 50
traverses the outer edge of the Cedar Bayou floodplain hazard zone near the downstream end of the
Alternative 3A ROW. Natural stream characteristics such as channel forming and reconditioning,
gradually varies flow. This contributes to meandering, sediment transport through natural erosion,
developing sediment bed-load which contributes to channel stability. Groundwater influenced base flows
are missing from a water supply conveyance. The canal’s is designed to be stable and not meander,
because the ROW is finite and limited. Sediment will be eliminated as much as possible by moving the
source water into a sedimentation basin almost immediately after being diverted from the river. The
proposed LBITP conveyance virtually eliminates the potential for a floodplain as it is to be constructed on
a relatively high ridge (Capers Ridge) and uses gravity flow for most of its length to Lake Houston.

Alternative 3A would have a permanent effect on the existing surface water overflows, except during the
most severe (infrequent) rainfall events (i.e., greater than 100-year flood event). Although the area in the
vicinity of the Lake Houston discharge is within the 100-year mapped floodplain, no increase in the
floodplain’s extent would occur due to proposed overland flow conveyance structures (i.e., ditches or
siphons). Using drainage ditches parallel to the proposed canal would allow overland flow to be
conveyed along the canal and discharged in such a way as to control and minimize the possibility for
localized flooding.

The proposed Alternative 3A canal alignment would be almost entirely outside the mapped 100-year
floodplain as designated by the National Floodplain Insurance Program (NFIP). A 100-year flood is
calculated to be the level of flood water expected to be equaled or exceeded every 100 years based on
an average probability estimate. The 100-year flood is more accurately referred to as the 1 percent
annual exceedance probability flood, since it is a flood with a 1 percent chance of being equaled or
exceeded in given single year. Similarly, a flood level expected to be equaled or exceeded every

500 years on average is known as a 500-year flood and has a 0.2 percent chance of occurring in given
year.
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Alternative 3A would have minimal effect on natural riverine overflow, except in the most severe
(infrequent) precipitation events. The area in the Lake Houston discharge vicinity is within the 100-year
mapped floodplain, but there would be no increase in the lateral extent of the mapped floodplain because
overland flow would be conveyed along the canal and would not cross the canal alignment. Overland
flow scenarios would be designed to convey the upgradient runoff volume across the canal alignment. It
will also be designed to convey the amount of initial rainfall and runoff through overland flow on the
siphon structures’ downgradient side designed as mitigation. This would be accomplished by designing
the Alternative 3A side ditches to permanently hold water which, in effect, would pre-charge the ditches
with runoff volume. This design feature allows overland flow to continue across the canal alignment at
the siphon structures’ surface expression. A more detailed explanation about the design issues and
modeling results used to identify siphon locations proposed as mitigation and included as part of
Alternative 3A is provided below.

Arc-Hydro, an extension of ArcMap®, was used to calculate drainage lines for the area surrounding the
Alternative 3A alignment using topographical information from a digital elevation model (DEM). Subbasin
area boundaries were delineated from these drainage lines using a minimum 100-acre basin size. To
determine break locations, only sub-basin areas intersected or affected by the proposed Alternative 3A
alignment were examined in the HEC-HMS model.

The methods used to develop the inputs into the HEC-HMS model are the Soil Conservation Service
(SCS) Curve Number Method and SCS Unit Hydrograph Method. The SCS Curve Number Method
requires land use data visually estimated from aerial photographs. From the land use types, a weighted
runoff coefficient was determined for each sub-basin area. ArcGIS was used to calculate the total area
for each sub-basin.

The general design approach for Alternative 3A’s siphon structures for handling overland sheet flow
includes the concept that surface water flow would be conveyed across the canal alignment in areas
outside the identified watershed divides. A few typical locations were modeled to provide results needed
for siphon design. Modeling overland flow during extreme events in flat slope areas indicated a 3- to
4-inch increase in ponding upstream from the canal alignment may be possible with typically less than a
day’s duration after the rainfall event where natural drainage collects in low lying areas. The typical
measured impact on the Alternative 3A canal alignment’s upstream side for the 100-year event is an
increased 3- to 4-inch depth for 5 to 16 hours. For the 2-year event, the modeled adjacent ditches and
culvert crossings were shown to have sufficient capacity to meet the existing 2-year peak flooding depths.

For flat slopes in the overland areas, 3- to 4-inch increases in ponding may result in the standing water
expanding laterally +500 feet for less than a day. Agricultural areas adjacent to the forested areas would
be impacted during an extreme event, but would not be affected by the short increase in shallow
inundation. For more frequent events, such as the 2-year event, the modeling results indicate the parallel
ditches and cross culverts structures have the capacity to convey the flow across the Alternative 3A canal
with no increase in water surface elevation. More detailed modeling would be required during final design
to allow for more refined crossing analysis and to explore possibilities to further reduce extreme event
impacts. All siphon crossings are located where the natural drainage tends to be the most concentrated
to avoid impacting or changing the natural drainage pattern. Much of the drainage in the Alternative 3A
canal area is generated through sheet flow or very shallow concentrated flow which would be intercepted
by ditches paralleling the canal. After overland flow has been carried across the Alternative 3A
alignment, it would flow to the parallel ditch along the canal’s downstream side so there is a lateral
continuance of the natural sheet flow pattern to the extent possible.

The proposed CRPS would be located immediately adjacent to and on the north side of Capers Ridge. In
general, the facilities would be above the 100-year floodplain, although approximately 0.34 acres is
mapped within the 100-year floodplain.
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The proposed CRPS intake structure would be built along the river’'s western bank, which encompasses
approximately 6 acres of the 100-year floodplain. Earthen bank material along the river would be
excavated to allow for the pump bays construction and placing the erosion protection. This excavation
would add floodplain storage, but the CRPS construction and placing erosion protection would offset the
gain in floodplain storage at the pump station. There would be no change to the floodplain along the
Trinity River.

Potential impacts on the lower Trinity River main channel and its floodplain would result from construction
and operation of the proposed pump station and headwall. These activities would involve dredging and
filling across the river and its floodplain. Short-term temporary increases in suspended sediment
concentrations, turbidity, and sediment deposition would be minimized by implementation of erosion
control measures. Dewatering and excavation for the embankment foundation would release sediments
and organic matter onto the floodplain and eventually into the river. Channel bed scour likely would result
from local hydraulic effects at bridge piers if they are located nearby. Constriction scour could also occur
at any culverts or other structures located within the floodplain, particularly if supercritical (high kinetic
energy) flow conditions occur. Woody debris, if present, could be accompanied by sediment transport,
turbidity, and deposition downstream.

Approximately 48 acres of the floodplain occurs along the canal alignment and at the proposed discharge
point along Lake Houston. Of the 48 acres, approximately 45 acres occur along the canal alignment that
extends approximately 12,000 linear-feet through the upper part of the Cedar Bayou watershed, identified
as perennial and intermittent stream segments (Chapter 2) crossing through the southern part of

Parcel 50 (Texas Land Fund No. 6, see Chapter 5, Table 5-2). Since the canal and sedimentation basin
would be excavated features, constructing these features would not decrease floodplain storage. The
approximately 3 acres of floodplain remaining within the proposed project ROW occur at the Luce Bayou
discharge point for Alternative 3A. The proposed culverts would be constructed underground; would be
covered with earthen material; and would not decrease floodplain storage compared to baseline or
increase the amount of impervious cover; therefore, runoff volumes would represent baseline conditions.

With the exception of the canal that changes direction and extends into the Cedar Bayou watershed and
floodplain, the proposed Alternative 3A ROW is almost entirely outside the 100-year floodplain of mapped
surface water features. By interpreting the processed LIiDAR data, the watershed boundaries between
Luce Bayou and the Trinity River (the alignment’s northeastern part) and Cedar Bayou (the canal
alignment’s southwestern part) were estimated. The proposed Alternative 3A ROW was modified to
follow this ridgeline as closely as possible to eliminate cross-drainage effects and minimize the canal’s
impact on overland flow during extreme rainfall events.

4413 Alternative 4

There are approximately 102 acres of 100-year floodplains in the ROW of Alternative 4. Of these

102 acres, approximately 50 acres occur along the pipeline alignment that extends approximately
29,000 linear-feet through the Cedar Bayou watershed, with at least 75 percent of this sensitive area
being identified as perennial and intermittent stream segments (Chapter 2). The surface expression of
the proposed pipeline would include elevated access roads with drainage ditches and berms, and a
mounded, fenced, mowed and maintained easement. Efforts would be made to minimize the potential
descrease to floodplain storage and functioning, although it is expected that direct, permanent effects to
floodplains may occur as a result of Alternative 4.
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4414 Alternative 6

There are approximately 122 acres of 100-year floodplains in the ROW of Alternative 6. Of the

122 acres, approximately 48 acres occur along the pipeline alignment that extends approximately

28,133 linear-feet through the Cedar Bayou watershed, with approximately 50 percent of the bayou being
identified as perennial and intermittent stream segments (Chapter 2). The surface expression of the
proposed pipeline elevated access roads with drainage ditches and berms, and a mounded, fenced,
mowed and maintained easement. Efforts would be made to minimize the potential descrease to
floodplain storage and functioning, although it is expected that direct, permanent effects to floodplain
floodplains may occur as a result of Alternative 6.

4415 Means to Reduce Effects and Mitigation

Based on studies performed during preliminary design, water surface elevations were established to
understand effects on the 100-year flood estimates available through FEMA mapping. In keeping with
common floodplain management practices, the design of canal and other project element crossings of
flood resources were developed to limit increases in water surface elevations to within a specific level
with reference to baseline conditions for the 100-year flood event. As a result, limited effects are
anticipated to floodplain boundaries or to existing structures in or near the lower Trinity River, or within the
floodplain of Cedar Bayou or Luce Bayou and other watersheds. Formal review of flooding and floodplain
issues would be required to take place with designated floodplain management staff in Harris and Liberty
counties, in compliance with the National Flood Insurance Program as well as with the Harris County
Flood Control District (see Permit Report Appendix N).

Floodplain impacts caused by or related to Alternative 3A operations are not expected. Operational
impacts along the canal conveyance, utility corridors, and CRPS would include periodic vegetation
control, landscaping maintenance, canal and facility maintenance in the form of mowing, trimming,
aquatic plant species removal, sediment removal and stockpiling, and raw water intake and discharge.

Alternative 3A canal design criteria mitigates against vegetation growth within the canal by developing a
channel cross section which maintains water velocity at 2 f/s to limit plants ability to take root in the canal.
Much of the canal will experience 5 f/s velocities, which will require hardened (concrete) lining or armoring
the canal. The canal’s design flow depth (7 to 8 feet) will limit sunlight penetration, thus eliminating the
potential for aquatic plant photosynthesis (AECOM 2011).

Assuming the pumps at the CRPS are shut-down for an 8-hour maximum during a 100-year, 24-hour
rainfall event, the extreme event analysis shows the canal has capacity to carry the event and maintain a
minimum 1.2-foot freeboard flow. Should the pumps not be turned off during a 100-year event, the canal
can convey the event with a minimum 0.3-foot freeboard flow. This minimum freeboard flow is most likely
to occur within the portion of the proposed canal where the 11-foot depth is recommended.

With the Alternative 3A canal operating at its ultimate 774 cfs capacity, unsteady state modeling shows it
would take approximately eight hours for the water level control gates to completely shut down the flow to
Lake Houston after the pumps have been turned off. Returning the canal to the 774 cfs flow rate is
shown to take approximately 13 hours. Flow begins to arrive at the outfall approximately three hours after
the pumps have been turned on, assuming the water level control gates are holding water in the canal.

Site specific studies have been conducted for Alternative 3A, but not for Alternatives 4 or 6. Therefore
the measures developed to reduce effects and proposed mitigation address Alternative 3A and it
assumed that similar measures would be implemented for the other action alternatives as needed.
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4.4.2 Floodplain Values

This section analyzes the effects from Alternative 3A on floodplain values and flooding in the proposed
LBITP’s vicinity, and addresses the changes to the affected surface water features and associated
floodplains. The influence area for floodplains includes the proposed Alternative 3A ROW location
including the proposed CRPS and intake structure, pipeline, sedimentation basin, conveyance canal,
maintenance facility, and discharge structure plus the roads and utility lines (natural gas and electrical)
necessary to support proposed operations.

Site specific studies have been conducted for Alternative 3A, but not for Alternatives 4 or 6. Therefore
the measures developed to reduce effects and proposed mitigation address Alternative 3A and it
assumed that similar measures would be implemented for the other action alternatives as needed.

4421 No Action

Under the No Action Alternative, the proposed project would not be constructed or operated. As a result,
no construction activities would occur in or near floodplains, and there would be no impact or change in
baseline conditions related to the potential for flooding.

Floodplain impacts caused by or related to Alternative 3A operations are not expected. Operational
impacts along the canal conveyance, utility corridors, and CRPS would include periodic vegetation
control, landscaping maintenance, canal and facility maintenance in the form of mowing, trimming,
aquatic plant species removal, sediment removal and stockpiling, and raw water intake and discharge.

44272 Alternative 3A

In some areas, the proposed Alternative 3A canal would be elevated above ground level possibly causing
the canal structure to impede natural drainage paths of overland and channelized flow unless otherwise
controlled. The general design approach for the Alternative 3A siphon structures for handling overland
sheet flow includes surface water flow being conveyed across the canal alignment in areas outside the
identified watershed divides. A few typical locations were modeled to provide results needed for siphon
design. As mitigation, a series of siphons in conjunction with collector ditches and culverts would be
constructed along the Alternative 3A canal alignment ROW.

Based on studies performed during preliminary design, water surface elevations were established to
understand effects on the 100-year flood estimates available through FEMA mapping. In keeping with
common floodplain management practices, the design of canal and other project element crossings of
flood resources were developed to limit increases in water surface elevations to within a specific level
with reference to baseline conditions for the 100-year flood event. As a result, minimal impacts are
anticipated to floodplain boundaries or to existing structures in or near the lower Trinity River, or within the
floodplain of Cedar Bayou or Luce Bayou and other watersheds. Formal review of flooding and floodplain
issues would be required to take place with designated floodplain management staff in Harris and Liberty
counties, in compliance with the National Flood Insurance Program as well as with the Harris County
Flood Control District (HCFCD—see Permit Report Appendix N).

4423 Alternative 4

Site specific studies have been conducted for Alternative 3A, but not for Alternative 4. Therefore the
measures developed to reduce effects and proposed mitigation address Alternative 3A and it assumed
that similar measures would be implemented for the other action alternatives as needed.
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Based on studies performed during preliminary design, water surface elevations were established to
understand effects on the 100-year flood estimates available through FEMA mapping. In keeping with
common floodplain management practices, the design of canal and other project element crossings of
flood resources were developed to limit increases in water surface elevations to within a specific level
with reference to baseline conditions for the 100-year flood event. As a result, minimal impacts are
anticipated to floodplain boundaries or to existing structures in or near the lower Trinity River, or within the
floodplain of Cedar Bayou or Luce Bayou and other watersheds. Formal review of flooding and floodplain
issues would be required to take place with designated floodplain management staff in Harris and Liberty
counties, in compliance with the National Flood Insurance Program as well as with the Harris County
Flood Control District (HCFCD—see Permit Report Appendix N).

4424 Alternative 6

Site specific studies have been conducted for Alternative 3A, but not for Alternative 6. Therefore the
measures developed to reduce effects and proposed mitigation address Alternative 3A and it assumed
that similar measures would be implemented for the other action alternatives as needed.

Based on studies performed during preliminary design, water surface elevations were established to
understand effects on the 100-year flood estimates available through FEMA mapping. In keeping with
common floodplain management practices, the design of canal and other project element crossings of
flood resources were developed to limit increases in water surface elevations to within a specific level
with reference to baseline conditions for the 100-year flood event. As a result, minimal impacts are
anticipated to floodplain boundaries or to existing structures in or near the lower Trinity River, or within the
floodplain of Cedar Bayou or Luce Bayou and other watersheds. Formal review of flooding and floodplain
issues would be required to take place with designated floodplain management staff in Harris and Liberty
counties, in compliance with the National Flood Insurance Program as well as with the Harris County
Flood Control District (HCFCD—see Permit Report Appendix N).

4425 Reduction and Mitigation of Potential Impacts

The Public Notice for Permit Application No. SWG-2009-00188 provided a review for the Section 404 IP
Sketches (Sheets) numbered 1 through 44 (Appendix S). The locations for the proposed siphons are
provided as shown on Sheets 12-32 (note “siphon” designation on sheets). Sheet 38 shows the
cross-section and plan view for the siphon structures that eliminate hydrology changes and provide
opportunities for safe wildlife crossings.

For all alternatives, avoidance of floodplains, including the Cedar Bayou floodplain and flood hazard
areas should occur. In keeping with common floodplain management practices, the design of canal,
pipeline, access roads, pump stations, and other project element that would involve crossings of flood
resources would be developed to limit increases in water surface elevations to within a specific level with
reference to baseline conditions for the 100-year flood event. As a result, minimal impacts are anticipated
to floodplain boundaries or to existing structures in or near the lower Trinity River, or within the floodplain
of Cedar Bayou or Luce Bayou and other watersheds. Formal review of flooding and floodplain issues
would be required to take place with designated floodplain management staff in Harris and Liberty
counties, in compliance with the National Flood Insurance Program as well as with the Harris County
Flood Control District (HCFCD—see Permit Report Appendix N).

Changes in floodplains and floodplain values would not occur due to Alterative 3A’s operation. The
proposed Alternative 3A canal would have side berms and access roads paralleling the canal which
would contain an approximate 7-foot water depth. Eighteen siphon structures would convey

Alternative 3A water in the canal below the ground surface through concrete box culverts. These siphon
structures would maintain local hydrologic and drainage systems allowing sheet flow conveyance to go
overland. The surface expression for the siphons which would convey drainage includes ditches, swales
and 200-foot-long by 300-foot-wide open grassy areas.
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The proposed Alternative 3A siphons are proposed to be located along the canal alignment in
undeveloped areas at points determined through hydraulic analyses to require overland flow conveyance
to avoid impacts to local hydrology. These siphon structures would not be located at pipeline, utility
easements, or roadway crossings, and would allow safe wildlife passage across the proposed
approximately 23-mile Alternative 3A canal conveyance structure. The siphon structures would be
covered with grass and would primarily be at ground level with a small swale to allow for drainage across
the canal ROW. The canal alignment and siphon locations would be fenced with barb-wire along the
Alternative 3A ROW boundaries.

Wildlife concerns and criteria for construction project fencing would be considered during LBITP’s final
design. Along the Alternative 3A pipeline and at utility easements and roadway crossings located away
from the siphon and wildlife crossing areas, chain-link fences approximately 6 to 8 feet above the ground
surface would be constructed for motorist and pedestrian safety.

4.5 Waters of the United States, Including Wetlands

451 Waters of the United States

The area directly influenced by the proposed LBITP and waters of the United States, including wetlands,
includes the potential location for the ROW proposed for Alternatives 3A, 4 and 6 including roads,
pipeline, canal with access roads and fencing, pump and discharge stations, sedimentation basin,
maintenance facility and utility lines.

Wetland impacts associated with all action alternatives were identified by superimposing field-delineated
wetlands onto geo-rectified aerial photographs and satellite imagery displaying the proposed power
station infrastructures and ROWs. NWI mapping was used to supplement and identify potential wetlands
and other waters in areas where access was not granted. GIS applications were then used to determine
area calculations for delineated and potential wetlands that would potentially be impacted by Alternative
3A.

An investigation for U.S. waters was performed on the proposed Alternative 3A ROW and CRPS property.
The investigation identified waters which would be impacted by the project’s construction, operation and
maintenance. The preliminary jurisdictional determination process has been implemented for Alternative
3A. During the investigation, identified natural drainage features were considered jurisdictional.
Man-made upland drainage ditches and ponds excavated from uplands were identified as
non-jurisdictional. The investigation resulted in identifying and delineating jurisdictional aquatic
resources.

The influence area for wetland resources included Alternative 3A’s proposed ROW for including
associated infrastructure (i.e., pump station, pipeline ROW, sedimentation basin, conveyance canal, and
discharge facility).

Impacts to wetlands and other U.S. waters were identified by overlaying the surveyed wetlands and
wetlands shown by the NWI maps over graphic illustrations depicting the proposed Alternative 3A ROW.
Wetland impacts were characterized as the direct loss of wetlands due to placing dredge or fill material,
and as type conversion impacts, relating to the altering or converting wetlands function due to removing
vegetation. These type conversion impacts could be temporary (e.g., where an emergent or scrub-shrub
[woody vegetation less than 20 feet tall] wetland is disturbed and allowed to regenerate) or permanent
(e.g., a wetland forest is cleared and allowed to regenerate as an emergent or scrub-shrub wetlands).
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The acreages for wetland areas affected by Alternative 3A and related infrastructures were calculated
using GIS. The wetland types affected were identified based on field observations or by NWI mapping
(sometimes supplemented by soils mapping and aerial photographs). Activities involving dredging
material from U.S. waters including wetlands or placing fill in wetlands, would be considered to have an
adverse impact. Dredged material is defined as material that is dredged or excavated from U.S. waters
including wetlands. Fill material is defined as material placed in U.S. waters where the material either
replaces portion of such waters with dry land or changes the bottom elevation of a portion of such waters.
Activities involving removing or converting wetland vegetation, but do not include grubbing stumps or
roots or disturbing soils, could affect wetland resources. A direct loss of wetlands would not occur in this
case. However, if a change in the wetland function would occur by converting wetland type (i.e., forested
wetland conversion to emergent wetland) the result would be an adverse impact. Permanent impacts to
wetlands can be quantified by determining areas that would not experience fill but would be anticipated to
experience removal and routine vegetation maintenance.

451.1 No Action

Under the No Action Alternative, the proposed project would not be constructed or operated, as a result,
there would be no direct or indirect impact or change to the waters of the United States identified within
the ROW of Alternatives 3A, 4 and 6.

451.2 Alternative 3A

Alternative 3A Waters of the United States, including Wetlands data are based on site-specific studies
conducted for this alternative. Approximately 2.15 acres of U.S. waters were identified during field
investigations. Of these acres, approximately 0.18 acre has small, natural drainage features exhibiting an
OHWM. The remaining 1.97 acres would be composed of the Lake Houston and Luce Bayou confluence
(0.30 acre) and the Trinity River (1.67 acres).

The approximate 0.18 acre with small, natural drainages would be excavated within the ROW of
Alternative 3A. Flows from the portions of these drainages outside the project footprint would be directed
into a small drainage ditch within the project ROW. Alternative 3A’s canal component would flow into
underground siphons at 18 locations. Small drainage swales would cross the canal and flow into
drainage ditches. Flows would be directed back to ditches within the ROW and returned to the drainages
to continue in the original flow direction.

CRPS would be constructed at the Trinity River, and the construction would include impacts below the
Trinity River's OHWM. Approximately 1.67 acres of the Trinity River would be impacted during
construction. Impacts would include placing a trash rack, constructing a headwall and concrete slope
protection at the headwall’s base, placing a sluice gate in the headwall, constructing an intake structure,
and placing riprap for erosion protection. Excavation needed to construct the pump station and
associated erosion protection would also occur below the OHWM.

Approximately 330 cubic yards of concrete slope protection (including headwall and concrete toe) and an
additional approximate 470 cubic yards of backfill material would be placed below the OHWM at the
proposed pump station. This would allow constructing the sluice gate, trash rack and headwall wall for
the pump station. Approximately 1,100 cubic yards of material would be excavated below the OHWM to
allow for pump station construction and placing the concrete slope protection and headwall. Riprap would
also be placed along Trinity River banks upstream and downstream from the intake structure for erosion
protection. About 7,600 cubic yards of riprap would be placed below Trinity River's OHWM. To allow
riprap placement, about 6,000 cubic yards of material would be excavated below Trinity River's OHWM.
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The proposed canal would discharge into Lake Houston’s backwaters along the northeast shoreline
downstream from the confluence with Luce Bayou. The canal would discharge below the OHWM through
three 6-foot by 8-foot box culverts, which would terminate at a concrete headwall. Through erosion
analysis, it was determined erosion protection is needed at the discharge point. Approximately 975 cubic
yards of riprap would be placed below the OHWM. Constructing the concrete headwall and placing
erosion protection would impact approximately 0.30 acre below the OHWM.

As discussed in Chapter 4.2.5, temporary soil erosion and sedimentation controls would be implemented
prior to and during the proposed project’s construction. Short-term increases in water turbidity, and
associated decreases in water clarity, would be expected during Alternative 3A’s construction activities.
However, suspended sediments should settle from the water column as construction activities are
completed and soils are stabilized. During operation, some increase in turbidity could occur in the pump
station’s immediate vicinity (Trinity River) and ate the outfall (Luce Bayou). About 0.30 acre of Luce
Bayou influenced by Lake Houston’s water level elevation and about 1.67 acres of the Trinity River would
be dewatered. This would result in a temporary loss of open water habitat. After construction is
complete, the temporary sheet piles would be removed, which would allow the dewatered area to be
re-submerged so no additional effects would be expected.

451.3 Alternative 4

Data for Alternative 4 is based on NWI and 100 year floodplain data An approximate total of 38 stream
crossings were identified within the Alternative 4 corridor including 33 canal ditches, four intermittent
streams/rivers and four perennial streams/rivers (Figure 3.3.2-2). Stream crossings for Alternatives 4
were identified through a review of the USGS National Hydrography Flowlines (Figure 4-11).

4514 Alternative 6

Data for Alternative 6 is based on NWI and 100 yr floodplain data An approximate total of 33 stream
crossings were identified within the Alternative 6 ROW corridor including 25 canal ditches, three
intermittent streams/rivers and three perennial streams/rivers and three articificial paths (Figure 3.3.2-3).
Stream crossings for Alternatives 6 were identified through a review of the USGS National Hydrography
flowlines dataset (Figure 4-12).

452 Wetlands

The influence area for wetland resources included the proposed ROW for Alternative 3A including
associated infrastructure (i.e., the proposed CRPS, the pipeline ROW, sedimentation basin, conveyance
canal ROW and discharge facility). The influence area for wetland resources included the proposed ROW
for Alternatives 4 and 6 including associated infrastructure (i.e., the proposed CRPS, TRPS, pipeline
ROW, sedimentation basin, and discharge facility).

National Wetland Inventory (NWI) and 100-year floodplain data were used to identify wetlands and water
resources located within the ROW of Alternative 3A, Alternative 4, and Alternative 6.

For the Applicant’s preferred Alternative 3A, the USACE preliminary jurisdictional determination method
was used for whereby all waters and wetlands identified within the ROW corridor, except man-made
ditches, farmed wetlands, and ponds, are treated as regulated waters under Section 404 of the Clean
Water Act. The USACE has not verified the jurisdictional status or locations and boundaries of these
resources at this time. Coordination with the USACE is ongoing and will continue until a Department of
the Army permit for the proposed project is issued.
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To help identify wetland areas, advanced GIS processing of high resolution topography data was used to
assess wetland hydrology along the proposed Alternative 3A LBITP alignment. Forested wetland
hydrology has been difficult to study with conventional remote sensing methods, and collecting this data
in the field is often cost prohibitive. Aerial photographs have typically been used to help identify wetland
areas, but the ability of these data sets to detect hydrology is limited, especially in forested areas. High
resolution topography datasets, such as remote sensing Light Detection and Ranging (LiDAR), offer the
ability to identify local variations in topography and hydrology of potential wetlands areas beneath the
forest canopy to provide planning level data for decision-making.

As part of the preliminary assessment during Alternative 3A’s development, high resolution LIDAR
topography data was collected for the proposed alignment between the Trinity River and Lake Houston.
This topography data was processed using the fill sinks grid processing tool inside the Arc Hydro
extension for ArcGIS version 9.3. The fill sinks function analyzes an elevation grid and identifies
depressions or sinks where water collects and is unable to flow downhill. These sinks or depressions
represent a disjointed wetland hydrology and indicate continually wet soils and the likely presence of
wetland ecosystems. The fill sinks function determines the extent of these sinks or depressions by
determining the ponding elevation and spread inside each sink which would result in overtopping the
depression and the continued flow of water downhill towards a receiving stream. Areas showing as large
depressions represent pervasive wetlands, while areas with a dense concentration of small independent
sinks represent a more dispersed mosaic wetland.

Comparing field determined wetland areas and LIDAR determined wetland areas on the Harrison tract
showed significant improvements in digitally identifying wetland areas compared to analyzing aerial
photos alone. Furthermore, the analysis proved to identify predominant wetland features with a high
degree of accuracy while also showing the presence of more moderate or mosaic wetlands.

4521 No Action

Under the No Action Alternative, the proposed project would not be constructed or operated. As a result,
no construction activities would occur in or near wetlands, and there would be no impact or change in
baseline conditions related to these resources.

4522 Alternative 3A

The major hydrology source for wetlands identified in the Alternative 3A canal’s vicinity is precipitation.
Wetlands bisected by the proposed canal and occur inside and partially outside the Alternative 3A ROW
could potentially be impacted by the proposed project. Wetlands outside the Alternative 3A alignment
that may depend on hydrology from surface water flow are not anticipated to be affected by Alternative
3A. In addition to the canal alignment’s direct impacts on wetlands resources, the Alternative 3A canal
side berms present potential impediments to overland flow; some may supply runoff to wetlands away
from the alignment. Most wetlands outside the 100-year floodplain are expected to be depressional in
nature, and to have direct precipitation as a hydrology source.

Investigations into the nature and extent of wetlands resources were performed on the proposed
Alternative 3A ROW and the CRPS area. These investigations identified U.S. waters including wetlands
which would be impacted by the project’s construction, operation, and maintenance. Wetland impacts
associated with Alternative 3A were identified by superimposing field-delineated wetlands onto
geo-rectified aerial photographs and satellite imagery displaying the proposed Alternative 3A ROW. The
National Wetland Inventory (NWI) mapping performed by the USFWS was used to supplement and
identify potential wetlands and other waters in areas where property access was not granted. GIS
applications were then used to determine area calculations for delineated and potential wetlands which
would potentially be impacted by Alternative 3A.
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The preliminary jurisdictional determination (PJD) process has been implemented for Alternative 3A
ROW. During the investigation, identified wetland features were considered jurisdictional. Man-made
upland drainage ditches and ponds excavated from uplands were identified as non-jurisdictional. The
investigation resulted in identifying and delineating jurisdictional aquatic resources.

Based on the PJD, approximately 203 acres of freshwater aquatic resources were identified within
Alternative 3A ROW. Of this total, approximately 118.93 acres are forested wetlands, 45.26 acres are
emergent wetlands, 11.21 acres are open water, and 25.55 acres are scrub-shrub wetlands. Clearing the
Alternative 3A ROW would require using mechanized land clearing equipment, which is considered a
regulated fill activity. Project-related construction activities would result in adverse impacts to the
freshwater wetlands within the Alternative 3A ROW; thus, adding to the continued decline of freshwater
wetlands within the total conterminous United States, especially for freshwater forested wetlands.
Mitigation for the impacts to wetlands is discussed below.

Delineated wetland areas for Alternative 3A meet the three criteria of a wetland (wetland hydrology,
hydrophytic vegetation, and hydric soils). Vegetation types within these wetlands range from
pine-hardwood forest to open pasture. Vegetation is described in detail below.

The potentially non-jurisdictional resources do not have a connection to any other potentially jurisdictional
aquatic feature, including wetlands, and do not follow topographical gradients. The man-made ditches
occur mostly within agricultural areas and appear to function as irrigation ditches. The ponds appear to
have been excavated out of uplands and serve as a supplemental water source for livestock. Non-tidal
drainage ditches and excavated ponds created out of uplands are generally not subject to regulation by
the USACE pursuant to Section 404 of the Clean Water Act.

Wetlands that are bisected by the proposed canal and occur inside and partially outside of the

Alternative 3A ROW could potentially be impacted, although the proposed siphons have been designed to
minimize and eliminate impacts related to changes in hydrology. Siphon conveyance of the Alternative
3A canal in below-grade culverts was designed to provide hydrologic connection of wetlands resources
and thereby avoid degradation that may occur through construction of the canal. The major source of
hydrology for wetlands identified in the vicinity of the Alternative 3A canal is precipitation. To minimize
degradation that could occur due to an interruption of overland flow, eighteen drainage crossings are
proposed to be included in the canal design to maintain areas of hydrologic connection.

The AJD process was implemented for the proposed mitigation property in 2012.

Site-specific assessments for wetland functions and values have been conducted to determine
compensatory mitigation requirements for impacted wetlands. Wetland functions and values would be
temporarily or permanently lost from constructing proposed project. These functions might include food
chain support, habitat, flood control, and nutrient/pollutant retention. The degree and magnitude of these
impacts on the wetlands’ functional capacity would be less quantifiable than activities resulting in direct fill
material placement. The wetlands function and value assessments and proposed compensatory
mitigation are discussed in detail in Chapter 5.

4523 Alternative 4

Based on desk-top studies conducted, of the approximate 66 total wetland acres in the ROW of
Alternative 4, approximately 18 acres are Freshwater Emergent Wetlands, 46 acres are Freshwater
Forested/Shrub Wetland and 2 acres are Lakes (Figures 3.5.1-2a through Figure 3.5.1-2d.

4524 Alternative 6

Based on desk-top studies conducted, of the approximate 82 total wetland acres in the ROW of
Alternative 6, approximately 6 acres are Freshwater Emergent Wetlands, 71 acres are Freshwater
Forested/Shrub Wetland, 2 acres are Freshwater Ponds, 1 acres are Lakes, and 2 acres are Riverine
(Figures 3.5.1-3a through Figure 3.5.1-3d.

Environmental Impact Statement
Luce Bayou Interbasin Transfer Project October 2012



4-71

45.3 Reduction and Mitigation of Potential Impacts

An approximate 3,000-acre property near the Trinity River including Capers Ridge has been identified by
the Applicant and is being investigated for compensatory mitigation. Coordination with the
Corps-Galveston District regarding mitigation is ongoing.

To minimize degradation due to an interruption of overland flow, 18 drainage crossings are proposed to
be included in the canal design to maintain hydrologically connected areas.

Activities that would indirectly alter a wetland’s hydrology, such as increased impervious surface adjacent
to wetland areas or altering and/or diverting surface water flows to or from the wetlands, would also be
considered to cause impacts. In this case, a change in the hydrological regime would either increase the
amount of existing wetlands or cause existing wetlands to convert to upland communities. However,
overland flow scenarios described as mitigation in Section 4.2 would be designed to convey the
upgradient runoff volume across the Alternative 3A canal alignment, and the initial rainfall amount and
runoff through overland flow on the siphon structures' downgradient side. This would be accomplished by
designing the Alternative 3A side ditches to permanently hold water which, in effect, would pre-charge the
ditches with runoff volume. This design feature allows overland flow to continue across the canal
alignment at the proposed mitigation using siphon structures. Wetlands that depend on runoff for
hydrology which are adjacent to but not directly impacted by the Alternative 3A ROW would not be
significantly impacted by the canal conveyance system.

The degree and magnitude of these impacts on the wetlands’ functional capacity would be less
guantifiable than activities resulting in the directly placing fill materials.

4.6 Vegetation and Wildlife

4.6.1 Vegetation

The area directly influenced by the proposed LBITP (any action alternative) for terrestrial vegetation and
wildlife includes the proposed ROW for each alternative including the location of roads, pipeline sections,
canal alignments, pump and discharge stations, sedimentation basins, maintenance facility and utility
lines. Riparian ecosystems occur along project area surface water features including Cedar Bayou, Luce
Bayou, and the lower Trinity River and especially in floodplains. The riparian corridor encompasses the
stream channel and that portion of the terrestrial landscape from water’s edge landward, where
vegetation may be influenced by river-influenced water tables or flooding, and by the ability of soils to
hold water. Riparian vegetation refers to the vegetation growing within the riparian corridor. Since
riparian settings are interfaces between terrestrial and aquatic systems, ecological processes in those
settings are dependent on both the dynamics of the associated uplands and the streams.

Riparian vegetation plays an important role in water quality functions of riverine systems and influences
other biologically important water quality parameters such as dissolved oxygen and temperature.
Riparian vegetation is an important component of the aquatic faunal habitat and these effects include (a)
provision of fish cover (b) provision of streambank stability (c) regulation of stream temperatures (d) input
of nutrients to the system and (e) direct input of invertebrates as fish food.
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The structure and function of vegetation of the study area’s humid riparian are dominated by overland
flows. Large, complex floodplains have developed, along the lower Trinity River especially near the
coast, and there are a large percentage of wetlands in that area. Riparian vegetation varies by type, size
and distribution and the distribution patterns of riparian vegetation depend on moisture gradients (flooding
and depth to groundwater), fluvial geomorphic landforms, and stream gradients. These riparian areas
provide critical wildlife habitat in many landscape settings. Riparian vegetation provides support for many
wildlife requirements. The value of riparian areas of the lower Trinity River and upper Galveston Bay
watersheds, including Cedar Bayou and Luce Bayou, are related to their size and contiguity and are most
valuable when they remain intact and form a continuous corridor for wildlife migration. Intact riparian
vegetation areas are valuable and provide significant ecosystem benefit, although fragmented habitat in
areas where otherwise not present function as valuable habitat to increasingly stressed wildlife. Flood
attenuation is also increased in vegetated riparian systems in areas with maintained stream morphology
through vegetative anchoring.

A water supply conveyance contrasts with natural stream by supporting habitat for aquatic organisms.
Natural streams tend to maintain a dynamic balance between aquatic organism populations and available
food. The population dynamics of aquatic animal communities in stream ecosystems involve using
substrate, the food web, nutrient spiraling and the growth curve. Organic waste substances in streams
form the substrate on which microorganisms grow and become part of the food web. Nutrients circulate
from surface-to-substrate as they flow downstream and are available to bacteria, algae, fungi,
invertebrates, fish and other aquatic organisms. The circulation capture, release and recapture cycle for
nutrients is called nutrient spiraling. A stream’s ability to assimilate nutrients and store them in the living
tissue of plants and animals is termed its assimilative capacity. The higher this assimilative capacity in a
natural stream the higher the streams’ water quality. In a constructed conveyance canal, several
essential pre-conditions for supportive habitat and the in stream balances characterizing natural streams
are intentionally eliminated. As previously mentioned, aquatic food sources including primary productivity
through plant detritus would be eliminated in a constructed canal. Sediment transport and eliminating a
variety of nutrients reduces or eliminates nutrient spiraling, and the conveyance channel essentially has
no assimilative capacity.

46.1.1 Analysis Method

Vegetation and land cover types within the Alternative 3A ROW were identified and described in

Section 3.9 based on the National Land Cover Database of 2006 (NLCD 2006) and the results from field
investigations conducted by biologists. NLCD 2006 is a 16-class land cover classification scheme for the
conterminous United States and was developed at a spatial 100-foot resolution. NLCD 2006 is based
primarily on the classification of Landsat Enhanced Thematic Mapper+ (ETM+) circa 2006 satellite data.
These data were used with GIS analyses of aerial photography and the results from field investigations to
initially determine the vegetation/land cover types directly affected by constructing Alternative 3A. The
analyses conducted included quantifying the total number of acres within the Alternative 3A ROW by
vegetation type (Table 3-15). Since the above analyses were conducted, Phase | and Phase Il of the
Ecological Systems Classification and Mapping Project in support of the Texas Comprehensive Wildlife
Conservation Strategy have been conducted and the results published (TPWD 2012 and TPWD in
progress). These latest state-wide efforts at vegetative classification have been integrated into the
Habitat Evaluation Procedure (HEP) conducted by Corps, Galveston District to address public scoping
comments, the alternatives analysis presented in Chapter 2 of this DEIS, and the vegetative type effects
analyses conducted for Alternative 3A.

To evaluate the function and habitat value represented by the vegetative and use type within the
Alternative 3A ROW, a HEP was conducted, as directed by Corps, Galveston District to address public
comment received in response to the Public Scoping Meeting held on Thursday, July 21, 2011 for the
LBITP Draft EIS (DEIS). The generalized process for conducting a HEP study involves the following
components (USFWS 1980):

= Determine HEP's applicability and define the study area
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= Delineate habitat or vegetation cover types
= Select the relevant evaluation species

» Determine each species’ life requisites

= Measure habitat variables for suitability

» Determine baseline and future habitat units

= Develop compensation/mitigation plans for the proposed project

The HEP is a habitat-based evaluation method developed by USFWS in 1974 for use as an analytical tool
in impact assessments and project planning. HEP is used to evaluate the species and potential habitat
present based on an area’s ecological value analysis. The approach is to quantify the value of habitat
available to a selected wildlife species set within a specified geographic interest area. The method is
designed to describe wildlife habitat values at baseline and future conditions to allow for comparisons of
the relative values of different areas at the same point in time or of the same area at different points in
time. Because HEP provides a quantitative method for such comparisons, it may be used to assess
current and future wildlife habitat or compensation analyses.

HEP appraises a study area by quantifying its habitat value, calculated as the product of habitat quantity
and habitat quality. This value is expressed in Habitat Units (HU). Habitat quantity is simply the total
habitat area available within the study area, usually expressed in number of acres. Available habitat
within the study area may be subdivided into cover types or distinct areas with similar ecological
characteristics which are adequately homogeneous. If the study area is subdivided into cover types,
habitat quantities used in the evaluation may be subsets of the study area. Habitat quality is expressed in
terms of a Habitat Suitability Index (HSI), which is determined by comparing the study area’s ecological
characteristics to the optimum habitat characteristics for the evaluation species. Evaluation species are
representative wildlife species with known habitat requirements selected to provide the basis for
assessing habitat suitability.

HSI values are based on two components: the habitat characteristics providing ideal conditions for an
evaluation species, and the habitat characteristics existing in the study area. These characteristics are
described by a set of measurable habitat variables such as the height and percent cover for various
vegetation types, the distance to water or food, the availability of perching or nesting sites, or flooding
frequency. The habitat variables set needed to determine HSI values is obtained from documented
habitat suitability models for each evaluation species. These models describe each species’ life
requisites, the relationship between the values for habitat variables, the area’s suitability to meet its life
requisites, and the method to integrate these suitability relationships into an HSI value. HSI values range
from zero (0.0) to one (1.0), with zero representing unsuitable conditions and 1.0 being optimal
conditions.

Habitat values may be calculated for each evaluation species within its available habitat or for each cover
type within the study area. Calculations based on existing ecological conditions can be used to describe
baseline conditions and serve as a reference point for comparison to predicted future habitat values with
or without proposed actions or mitigation measures.

HEP provides a consistent means for assessing project impacts by demonstrating, in HUs gained or lost,
the beneficial or adverse impacts anticipated as due to various courses of action. HEP aids mitigation
analysis by identifying which factors negatively impact habitat values in various scenarios, thus
suggesting means for improving habitat or selecting mitigation lands.

46.1.2 No Action

Under the No Action Alternative, the proposed project would not be constructed or operated. As a result,
no construction activities would occur and there would be no direct or indirect impact or change to the
existing vegetation/land cover types or to wildlife habitats within the Alternative 3A ROW.
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46.1.3 Alternative 3A

Alternative 3A begins in central Liberty County, Texas, extends along Capers Ridge from the Trinity River
intake structure and terminates in northeast Harris County, Texas near the East Fork of the San Jacinto
River and Lake Houston confluence. Alternative 3A is approximately 26.5 miles long and would
encompass approximately 1,050 acres within a 300-foot wide ROW. The existing habitat within
Alternative 3A’s ROW includes forested areas, terrestrial wetlands, agricultural land, grazing land and
public land (road ROW).

Based on the NLCD 2006 database and field investigations including those conducted to perform the PJD
along the Alternative 3A ROW, seven terrestrial vegetation types were identified within the Alternative 3A
ROW:

= Upland woodlands (forest)

» Mosaic/transitional woodlands (mixed forest)

= Agricultural fields (row crops)

= Pasturelands (pasture and hay)

= Scrub-shrub vegetation

= Wetlands and hydric communities (woody and emergent herbaceous wetlands)

= Open water
Based on this vegetative and land use classification scheme (see Chapter 3 for definitions), the dominant
vegetative type directly and permanently impacted by the construction and operation of Alternative 3A is

upland woodlands (32 percent) within the 300-foot Alternative 3A ROW, closely followed by agricultural
fields (28 percent). Table 4-12 summarizes the direct permanent impacts to vegetation and land cover.

Table 4-12:

Terrestrial Vegetation within Proposed Alternative 3A ROW
Terrestrial Vegetation/Land Cover Type Acres
Upland Woodlands 338
Mosaic/Transitional Woodlands 25
Agricultural Fields 286
Pasturelands 135
Scrub/Shrub 40
Terrestrial Wetlands and Hydric Communities 200
Open Water 26

Total 1,050

The TPWD'’s Ecological Systems Classification of Texas Project grew from a recognized need to provide
better land cover classification and mapping for the state to facilitate improved planning and
management. The original satellite-based land cover map was produced by the Texas Parks and Wildlife
Department in 1984 (McMahan et al. 1984). As described above, that map series was updated by more
recent products, including the latest NLCD (http://landcover.usgs.gov/uslandcover.php), the USGS GAP
Analysis dataset (http://gapanalysis.nbii.gov/portal/server.pt), and the national LandFire map
(http://www.landfire.gov). All the recent maps resulted in 30-meter resolution datasets, appropriate for
planning at regional and statewide resolution scales. The national gold standard is NLCD (developed
using circa 2001 satellite data), which recognized fewer than 20 land cover types statewide. None of
these efforts have produced maps generally useful at a county level or below. The goal of the Ecological
Systems Classification of Texas Project was to produce a map with a useful spatial resolution at a
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1:24,000 scale (1 inch = 2,000 feet, the same scale as a USGS 7.5-minute quadrangle map) which would
also contain a sufficient number of land cover and vegetative classes (thematic resolution) to provide
improved insights for planning and management at a sub-county, or large ownership resolution scale.
The referenced map was produced by first classifying the land cover, and then using ancillary data (e.g.
hydrology, environmental data, highways and cities) to model final mapped vegetation types. The first
step resulted in 15 base land cover classes, whereas the second step resulted in identifying 109 mapped
vegetation types across Texas. These efforts provide planning level vegetative classifications at a 30-foot
resolution with approximately 10 times more land cover classes than previous vegetative mapping efforts
that resulted in similar type maps. This modified ecological systems classification scheme also explicitly
incorporates vegetation dynamics and therefore facilitates better ecological interpretations for the
biologist and planner. Newly identified remote sensing classification techniques were integrated into the
analyses conducted; the result is a vegetative type classification map based on meticulous data analyses
which is usefully interpretative, consistent across geopolitical boundaries, and flexible enough to achieve
the desired vegetative analyses needed whether the need is defined at the local, regional or state
planning levels. Phase | and Phase Il of the Ecological Systems Classification and Mapping Project in
support of the Texas Comprehensive Wildlife Conservation Strategy is incorporated by reference to this
DEIS.

The vegetative data produced during Phase | and Phase Il of the Ecological Systems Classification and
Mapping Project were analyzed using GIS software, polygon development, and spatial overlay techniques
to facilitate vegetative interpretation. From the Alternative 3A ROW centerline, a polygon representing
the 300-foot wide Alternative 3A ROW was created using ArcMap®. The clipped raster image was
converted to the polygon layer and analyzed spatially using a GIS program to aggregate the TPWD
vegetation data within the Alternative 3A ROW. Based on the referenced classification scheme, Open
Water includes water supply reservoirs (i.e., Lake Livingston and Lake Houston), bays, large ponds (i.e.,
irrigation ponds), canals and the Gulf of Mexico, plus large rivers such as the East Fork San Jacinto River
and the Trinity River. Of special note, the Ecological Systems Classification and Mapping Project
identified riparian areas as the vegetative type located within 30 meters (approximately 133 feet) of
streams which are themselves identified as streams by the National Hydrology (NHD) Dataset
(http://nhd.usgs.gov/data.html). This system also classified high and low intensity Urban Cover with a minor
area of low intensity Urban Cover identified near the proposed Alternative 3A maintenance facility along
SH 321.

Based on the Ecological Systems Classification of Texas Project data analyses within the Alternative 3A
ROW, excluding the CRPS, many vegetative types were identified as summarized in Table 4-13.

Table 4-12 summarizes direct permanent impacts to vegetation described by the Ecological Systems
Classification of Texas Project within the Alternative 3A ROW.

Table 4-13:
Alternative 3A Vegetation Type from
TPWD Ecological Systems Classification and Mapping Project

Alternative 3A

Common Name Description (acres)
Chenier Plain: Mixed Live | Generally occurs over wet soils and may include coastal live oak 23.0
Oak/Deciduous or loblolly pine mixed with deciduous species, or in some places

Hardwood Fringe Forest | southern magnolia. Deciduous trees may include laurel oak, water
oak, willow oak, cherrybark oak, sweetgum, Hercules-club
pricklyash, Chinese tallow, and post oak.

Row Crops Includes all cropland where fields are fallow for some portion of the 284.0*
(Agricultural Fields) year. Some fields may rotate into and out of cultivation frequently,
and year-round cover crops are generally mapped as grassland.
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Alternative 3A

Common Name Description (acres)
Gulf Coast: Coastal A variety of grasslands are circumscribed by this mapped type, 176.45
Prairie and species such as Bermudagrass, Bahia grass, rat-tail

smutgrass, broomsedge bluestem, busy bluestem, brownseed
paspalum, and little bluestem may be dominant.
Shrubs such as baccharis, Chinese tallow, or mesquite may be

present.
Gulf Coast: Coastal Herbaceous or sparse woody cover is characteristic, and species 12.0
Prairie Pond Shore such as sedges, rushes, switchgrass, bushy bluestem,

maidencane, and emergent aquatics may be important. Woody
species such as Chinese tallow, sweetgum, water oak, sugar
hackberry, rattlebox senna may also form sparse overstory cover.

Marsh A variety of small areas of wet soils or alternately wet and dry 0.34
soils, often near tanks or ponds, are represented within this type.
Herbaceous species such as cattails, spikerushes, sedges, and
grasses such as Johnsongrass or Bermudagrass may be

important.
Native Invasive: A variety of shrubs and generally small or sparse 0.80
Deciduous Shrub Land deciduous trees may be important in this successional type that

was mapped on nonprairie soils. Important species may include
water oak, sweetgum, southern red oak, Chinese tallow (south),
baccharis, yaupon, winged elm, sugar hackberry, southern
dewberry, and elbow-bush. Small pine trees may be present in
young, managed plantations.

Native Invasive: This broadly-defined type is mapped on prairie soils and may 11.0
Deciduous Woodland contain sugar hackberry, cedar elm, water oak, sweetgum, winged
elm, and yaupon as important species; Chinese tallow and loblolly
pine may be present in the Southeast.

Native Invasive: Juniper This type is mapped on prairie soils or on disturbance 1.3
Shrub Land soils and is commonly dominated by eastern redcedar, A variety of
deciduous species may also be present, including cedar elm,
winged elm, sugar hack berry, sweetgum, water oak and
mesquite. In the southeast, loblolly pine is often the dominant tree.

Non-Native Invasive: More or less dense stands of Chinese tallow characterize this 149.0
Chinese Tallow Forest, type, which is generally mapped over prairie soils. Other
Woodland, or Shrub Land | component species may include baccharis, sweetgum, water oak,
blackgum, loblolly pine, and willow oak.

Open Water Most open water consists of reservoirs, bays, large ponds, canals, 6.3
and the Gulf of Mexico, although larger rivers are also mapped as
open water.
Pine Plantation > 3 Dense stands of loblolly or mixed loblolly and shortleaf 54.0
meters tall pine characterize this type that is mapped over moist soils where

natural pine stands are not expected to occur. Important
components may include sweetgum, water oak, blackgum,
southern red oak, post oak, and white oak.

Pine Plantation 1 to 3 Young, planted loblolly pine stands are most common 6.2
meters tall within this type, which is mapped over moist soils where natural
pine stands are not expected to occur. Other species such as
sweetgum, water oak, winged elm, yaupon, and southern
dewberry may also be components.

Pineywoods: Bottomland | Baldcypress may form nearly pure stands within this mapped type. 0.6
Bald Cypress Swamp Other important species may include water tupelo, green ash,

overcup oak, willow oak, water elm, common buttonbush, or water

hickory.
Pineywoods: Bottomland | Willow oak, overcup oak (east), sweetgum, green ash, sugar 0.7
Seasonally Flooded hackberry, cedar elm, swamp post oak, and American elm may be
Hardwood Forest important in this mapped type. Some wetter areas with water elm

and baldcypress also occur, and American hornbeam is a common
understory species.
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Alternative 3A

Common Name Description (acres)
Pineywoods: Bottomland | Deciduous trees such as sweetgum, water oak, sugar hackberry, 9.4
Temporarily Flooded green ash, willow oak, blackgum, sycamore, black willow, and
Hardwood Forest American elm may be important in this mapped type. American

hornbeam, possumhaw and winged elm are common understory

species.
Pineywoods: This mapped type includes many areas dominated by introduced 29
Disturbance or Tame species such as Bermudagrass, Bahia grass, and Johnsongrass.
Grassland Important components may also include little bluestem,

broomsedge bluestem, and hog croton, as well as shrubs such as

yaupon and southern dewberry and sparse trees such as post oak

and loblolly pine.
Pineywoods: Dry Upland | This mapped type includes many areas dominated by introduced 16.0
Hardwood Forest species such as Bermudagrass, Bahia grass, and Johnsongrass.

Important components may also include little bluestem,

broomsedge bluestem, and hog croton, as well as shrubs such as

yaupon and southern dewberry and sparse trees such as post oak

and loblolly pine.
Pineywoods: Longleaf or | Loblolly pine managed forests with a hardwood component 43.0
Loblolly Pine/Hardwood characterize this type, but more natural longleaf stands may occur
Flatwoods or Plantation in the south, and slash pine managed forests also occur mainly in

the south. Sweetgum, blackgum, water oak, willow oak, and

swamp chestnut oak are common canopy trees.
Pineywoods: Longleafor | Loblolly pine plantations predominate within this mapped type. 82.0
Loblolly Pine** Relatively natural longleaf pine stands may occur in the south, and
Flatwoods or Plantation slash pine plantations may also occur. Deciduous trees such as

laurel oak, willow oak, water oak, sweetgum, swamp chestnut oak,

and blackgum may also be important.
Pineywoods: Managed loblolly pine forests are most common within this 1.4
Pine/Hardwood Forest or | mapped type, and hardwoods such as sweetgum, water oak, post
Plantation oak, southern red oak, and cedar elm are common co-dominant

species. Shortleaf pine is also a common component and longleaf

pine may dominate some areas within its range (southeast).
Pineywoods: Pine Forest | Managed loblolly pine plantations and forests predominate within 73.0
or Plantation this mapped type, and species such as sweetgum, southern red

oak, water oak, and post oak are common components. Shortleaf

pine is also common, especially to the north or on drier sties, and

longleaf pine may be dominant in limited areas within the range of

this species (southeast).
Pineywoods: Sandhill Blackjack oak, post oak, bluejack oak, sand post oak, southern red 0.8
0Oak Woodland oak, and sweetgum may be among the dominant trees in this ridge

and hilltop type. Loblolly pine, shortleaf pine, and longleaf pine

(south) may be components.
Pineywoods: Sandhill Shortleaf pine, loblolly pine, or longleaf pine (south) may dominate 1.2
Pine Woodland this ridge or hilltop type, and hardwoods such as post oak,

blackjack oak, bluejack oak, southern red oak, sand post oak, and

sweetgum are often components.
Pineywoods: Upland Hardwoods such as sweetgum, post oak, southern red oak, and 76.0
Hardwood Forest water oak may be dominant within this mapped type, and loblolly

pine or shortleaf pine are common components. Slightly wetter

sites may contain species such as white oak and willow oak as

important overstory trees.
Pineywoods: Wet Species such as willow oak, sweetgum, laurel oak, water 13.0
Hardwood Flatwoods** oak, swamp chestnut oak, and overcup oak may be important in

these seasonally or temporarily flooded wetlands. Loblolly pine or

longleaf pine (south) may also be present. Locally, Chinese tallow

may dominate some areas in the south, and dwarf palmetto may

form a dense understory in some stands.
Swamp 4.0
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Alternative 3A
Common Name Description (acres)

Urban Low Intensity This type includes areas that are built-up but not entirely covered 0.8
by impervious cover, and includes most of the non-industrial areas
within cities and towns.

*Changed to match rest
**Changed these words to match TPWD reference

The Habitat Evaluation Procedure was developed in January 2012 to quantify the Alternative 3A ROW
ecological value, the proposed 3,000-acre mitigation area and the wildlife habitat available (Appendix O)
(CESI 2012). Based on the HEP conducted, removing existing vegetative and aquatic habitat within the
Alternative 3A ROW would decrease the area’s habitat value when compared to the No Action
Alternative. The total average annual habitat units (AAHUSs) were calculated to be 384.45 for the

No Action Alternative and 190.96 for Alternative 3A. After constructing and implementing Alternative 3A,
the net loss quantified as AAHUs would be 193.51. Table 4-14 provides the AAHUs by vegetative and
land use cover for Alternative 3A and the No Action Alternative (CESI 2012; Appendix O).

Table 4-14:
Average Annual Habitat Units (AAHUS)
by Cover Type for Alternative 3A and No Action

Vegetation and Alternative

Land Use/Land 3A No Action
Cover' Description AAHU AAHU
Grasslands Grasslands are represented by improved Bermuda 159.51 76.02

grass (Cynodon dactylon) pastures that have
typically followed from forest clearing. Common
forbs include nettles (Solanum sp.), yankeeweed
(Eupatorium compostifolium), corn salad, and
goldenrod.

Agricultural Fields Areas actively used for the production of agricultural 8.35 106.26
(Cultivated Crops) goods including grain and forage crops. This class
also includes all land being actively tilled.

Upland Woodlands | Areas dominated by trees generally greater than five 10.64 96.69
(Forest) meters tall and greater than 20 percent of total
vegetation cover. This area mostly includes
deciduous hardwood forests and some mixed
pine-hardwood forests.

Evergreen Forest Areas dominated by juniper shrubland, longleaf or 10.24 93.06
(Uplands) loblolly pine/hardwood flatwoods or plantation forest

Environmental Impact Statement
Luce Bayou Interbasin Transfer Project October 2012




4-79

Vegetation and
Land Use/Land
Cover’

Description

Alternative
3A
AAHU

No Action
AAHU

Bottomland
Hardwood Forest
(Deciduous
Forested Wetlands)

Bottomland hardwood forest typically associated with
floodplains such that the dominant trees include
willow oak, overcup oak, American elm (Ulmus
americana), sweet gum (Liquidambar styraciflua),
sugar hackberry (Celtis laevigata), and water oak (Q.
nigra). Dominant plants in the shrub strata are often
small trees, such as those listed above, and include
water tupelo (Nyssa aquatica), deciduous holly (llex
decidua), and American beautyberry (Callicarpa
americana). Common vines in the bottomland
hardwood forest include green briar (Smilax spp.),
poison ivy (Toxicodendron radicans), trumpet
creeper (Campsis radicans), and Japanese
honeysuckle (Lonicera japonica), while common
herbaceous plants include lizard’s tail, sedges,
goldenrod (Solidago spp.), and smartweed.

1.04

9.45

Riverine

Emergent, floating, and submergent aquatic
vegetation is noticeably absent from the Gillen
Bayou. Vegetation overhanging a stream channel
typically includes herbs and grasses such as
sedges, smartweed, and Indian sea-oats
(Chasmanthium latifolia). Tree and shrub species
include planer-tree (Planera aquatica), water oak,
swamp privet (Forestiera acuminata), and water
tupelo (Nyssa aquatica).

0.89

0.28

Woody and
Emergent
Herbaceous
Wetlands

Areas dominated by wetland or riparian plants,
including emergent herbaceous vegetation.
Herbaceous wetlands dominated by wetland
obligates such as rushes, sedges, smartweed, and
lizard’s tail (Saururus cernuus). Common forbs
include goldenrod and morning glory (Ipomoea sp.).
Native grasses such as switch grass (Panicum
virgatum) and bluestems (Andropogon sp.) are
common.

0.22

2.04

Lacustrine

Open water sites with less than 5 percent of the area
consisting of emergent vegetation with shrub and
tree cover also less than 5 percent

0.07

0.66

Total AAHUs

190.96

384.45

Source: CESI 2012. 'Vegetation and aquatic cover types evaluated in the HEP analysis were determined using data from the
TPWD's Ecological Systems Classifications of Texas project and not the NLCD 2006

The primary impact to vegetation resulting from site preparation and constructing the proposed pumping
facility, pipeline and canal would be removing vegetation along Alternative 3A. All vegetation within the
project ROW would be cleared, resulting in direct impacts to approximately 1,050 acres of vegetative
resources, potential wildlife habitat (terrestrial wetlands, woodlands, pasturelands) or agricultural fields

containing row crops.

After construction, habitat within the Alternative 3A ROW would include maintained grassland and riverine
habitat types (CESI 2012). Various mammal species and predatory bird species would benefit from the
edge habitat created by the maintained grassland. The riverine habitat would provide foraging habitat for
wading birds and a fresh water source for numerous bird, mammal, aguatic and semi-aquatic species.
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46.1.4 Alternative 4

The land use/land cover data compiled from the National Land Cover Database is summarized in
Chapter 3.1 and Table 3-23 (Appendix R). Within the Alternative 4 ROW there are eight land cover
types that also include vegetation types that can be found in these areas. They are Cultivated Crops,
Deciduous Forest, Developed Open Space, Evergreen Forest, Herbaceous Grassland, Hay Pasture,
Shrub Scrub and Woody Wetlands.

The dominant vegetative type is Hay Pasture, with 55 acres or 53 percent of land use and vegetative type
within the 300-foot ROW areas of Alternative 4 ROW, the next dominant type is Cultivated Crops with
33 acres or 32 percent.

Vegetation and land use/land cover types identified for the 889 acres within the 300-foot ROW of
Alternative 4 are summarized in Table 3-23 (see Appendix R). In addition to descriptions of land cover
in the area of the project, Table 3-23 also provides the acres and percent of each land use/land cover
type found within the Alternative 4 ROW. A brief description of the vegetation communities observed
within the Alternative 4 ROW is presented by Table 4-13.

46.15 Alternative 6

The land use/land cover data compiled from the National Land Cover Database is summarized in
Chapter 3.1 and Table 3-24 (Appendix R). Within the Alternative 6 ROW there are ten land cover types
that also include vegetation types that can be found in these areas. They are Cultivated Crops, Low,
Medium and Open Space Development, Herbaceous Grassland, Mixed Forest, Open Water, Hay
Pasture, Shrub Scrub and Woody Wetlands.

The dominant vegetative type is Hay Pasture, with 52 acres or 43 percent of land use and vegetative type
within the 300-foot ROW areas of Alternative 6 ROW, the next dominant type is Woody Wetlands with
44 acres or 36 percent.

Vegetation and land use/land cover types identified for the approximate 700 acres within the 300-foot
ROW of Alternative 6 are summarized in Table 3-24. In addition to descriptions of land cover in the area
of the project. Table 3-24 also provides the acres and percent of each land use/land cover type found
within the Alternative 6 ROW. A brief description of the vegetation communities observed within the
footprint of the proposed action alternatives is presented below.

46.1.6 Reduction and Mitigation of Potential Impacts

For unavoidable impacts to the approximately 203 acres of aquatic resources identified within the
Alternative 3A ROW, the Corps would require compensatory mitigation to replace the ecological functions
and services provided by these aquatic resources. An approximate 3,000-acre land parcel has been
identified for compensatory mitigation using preservation (see Chapter 6). The Applicant’s proposed
mitigation property is adjacent to the Trinity River and surrounds the Alternative 3A ROW's northeastern
portion near the CRPS. The Applicant’s proposed mitigation property contains two unique topographical
features: Capers Ridge and Gillen Bayou. Capers Ridge is a high ground isthmus which protrudes into
Trinity River’s floodplain and is approximately 75 feet higher in elevation than the surrounding floodplain.
Gillen Bayou is a perennial water body which flows to the east through the southeastern portion of the
Applicant’s proposed mitigation property.
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The habitats located on the Applicant’s proposed mitigation property include deciduous and mixed
hardwood forested wetlands, bottomland hardwood forests, emergent wetlands, deciduous and
evergreen forested uplands, maintained grassland and fallow pastureland. The Applicant acquired the
proposed mitigation property in 2010 to provide compensation for unavoidable impacts to aquatic
resources through preservation. The majority of the Applicant’s proposed mitigation property is forested.
An area in the site’s southeastern portion was cleared and has been used as pasture and grazing lands
for several decades. Grazing activities have ceased since the Applicant acquired the property. The
pastureland is currently fallow and undergoing succession towards scrub-shrub habitat. The previous
landowner’s activities have altered the landscape for portions of the Applicant’s proposed mitigation
property including clearing the Trinity River floodplain (pastureland along Gillen Bayou), drainage
improvements, timber harvesting activities, hunting, oil and gas exploration and cattle grazing. Before the
Applicant purchased the land, the property was subject to threat from imminent residential land
development and clearing timber resources. Compensatory mitigation by preserving the Applicant’s
proposed mitigation property would remove the threat from land development and timber activities in
perpetuity.

The HEP analysis concluded the existing vegetative and aquatic habitat within the Applicant 3A mitigation
property was similar in habitat value when compared to the No Action Alternative. Based on the HEP
analysis, the proposed mitigation property AAHUs were calculated to be 1,413.64 for the No Action
Alternative scenario and 1,466.93 for the with-project scenario (Alternative 3A), resulting in a 53.29 net
gain in AAHUs (Table 4-13).

Table 4-13:
Average Annual Habitat Units by Cover Type within the Proposed Mitigation Property

Cover Types within the Proposed

Mitigation Property1 With Project AAHUs No Action AAHUs
Deciduous Forest (Uplands) 283.45 284.64
Deciduous Forest (Wetlands) 470.43 360.15
Evergreen Forest (Uplands) 690.84 691.60
Grasslands 12.69 12.78
Herbaceous Wetlands 9.52 64.47

Total AAHUs 1,466.93 1,413.64

Source: CESI 2012.

Vegetation and aquatic cover types evaluated in the HEP analysis were determined using data from the TPWD's
Ecological Systems Classifications of Texas project and not the NLCD data (2006).

46.2 Terrestrial Wildlife

The terrestrial wildlife area of direct influence for Alternatives 3A includes the location for the

Alternative 3A ROW. Construction impacts would be roads, pipeline, canal with access roads and
fencing, pump and discharge stations, sedimentation basin, maintenance facility and utility lines. Areas
most affected would be along the banks of the lower Trinity River, at the CRPS, along Luce Bayou at the
discharge location at Lake Houston, and within approximately 5 acres of the Cedar Bayou watershed
(Parcel 50).
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The terrestrial wildlife area of direct influence for Alternatives 4 and 6 includes the potential location for
the Alternative 4 and 6 ROW. Construction impacts would be roads, pipeline, pump and discharge
stations, sedimentation basin, maintenance facility and utility lines. Areas most affected would be along
the lower Trinity River, at the proposed CRPS, along the discharge location at Lake Houston, and within
the Cedar Bayou watershed, especially in areas with riparian ecosystems. Habitat important to terrestrial
wildlife include the riparian areas along Cedar Bayou, Luce Bayou, and the lower Trinity River and
especially in floodplains, and Lake Houston. Riparian vegetation is an important component of the
aquatic faunal habitat and these effects include (a) provision of fish cover (b) provision of streambank
stability (c) regulation of stream temperatures (d) input of nutrients to the system and (e) direct input of
invertebrates as fish food. Riparian areas provide critical wildlife habitat in many landscape settings and
provides support for many wildlife requirements. Intact riparian vegetation areas are valuable and provide
significant ecosystem benefit, although fragmented habitat in areas where otherwise not present, function
as valuable habitat to increasingly stressed wildlife.

The construction impacts on wildlife associated with the proposed project can be divided into short-term
effects resulting from physical disturbance during construction and long-term effects resulting from habitat
modification and change to riparian vegetation. The net effect on local wildlife from short-term
construction effects may be relatively minor. A general discussion about the construction and facility
operation impacts on wildlife follows.

In general, the greatest potential impact to wildlife would result primarily from habitat loss, particularly
woodland habitat, riparian, and fragmenting habitat. Woodland habitats are relatively static environments
requiring a greater regenerative time compared to pastureland, cropland, grassland or emergent
wetlands. The ROW would be cleared and either a canal or pipeline would be constructed. These
facilitlies would be long linear surface features that are fenced to protect the public source of drinking
water in accordance with EPA and Department of Homeland Security (DHS) requirements. Alternatives 4
and 6 are located in more densely populated areas of Liberty and Harris Counties, and large-scale
fencing that meets specific security standards would likely be necessary. These security fences would
pose a permanent, long-term adverse effect to the migration and movement of wildlife.

During construction, clearing for the pump station, pipeline and canal ROWs may impact/eliminate
animals of lesser mobility and size and they may suffer habitat loss. The noise and physical activity of
work crews and machinery may temporarily disturb wildlife intolerant to human disturbances. Impacts to
mobile, earthbound species, such as small mammals, amphibians and reptiles, would be typically minor
and temporary, since the wildlife can leave the construction area. Nests and burrows of small wildlife and
others could be lost during clearing for construction activities. Clearing forested areas could leave some
species temporarily deprived of cover and subjected to increased natural predation. Wildlife in the
immediate area would experience a loss of browse or forage habitat due to clearing woodland and
brushland within the project ROW. However, the prevalence of similar habitats in adjacent areas would
minimize the effects from this loss. Herbaceous vegetation regrowth in the ROW following construction
would benefit species that forage and live in open habitats.

The increased noise and activity levels during construction and routine maintenance may potentially
disturb breeding or other activities of species inhabiting the areas adjacent to the ROW. A noise study
conducted for the proposed pump station site showed wildlife may be affected by noise levels that would
occur during the construction period. According to the noise study, assuming the pumps would generate
a constant noise, wildlife beyond 500 feet would not be impacted by noise created from operating the
pump station, and most wildlife would not likely be affected beyond 100 feet by the relatively small
increase in background noise. Other construction impacts to wildlife would be dust and gaseous
emissions from construction equipment. Periodically mowing the ROW, while producing temporary
negative impacts to wildlife, improves the habitat for ecotonal or edge species due to the increased
production of perennial forbs and grasses.
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46.2.1 Mammals

Based on a study conducted by Blair (1950), NLCD data (2006), site visits and aerial photography, the
regional ecosystem (Austroriparian Biotic Province) was reviewed for the common mammals which would
likely inhabit the proposed project area. The common mammal species that occur within the proposed
project area are discussed in Chapter 3.7.11.

46.2.1.1 No Action

Under the No Action Alternative, the proposed project would not be constructed or operated. As a result,
no construction activities would occur, and there would be no impacts to mammal species inhabiting the
existing area or preferred habitats.

46.2.1.2 Alternative 3A

Mammalian wildlife would lose approximately 1,105 acres (including pump station and maintenance
facility) of potential habitat for Alternative 3A. The loss of wooded areas would affect species such as
foxes, bats, deer, opossums and squirrels. The loss of prairie grassland would affect rodents such as
mice, rats and rabbits. The loss of underground habitat would affect species such as moles and shrews.
Fossorial species found within the ROW would likely be eliminated during construction. Mammalian
species that prefer forested areas and occur in the ROW's forested portions would be forced to adjust
individual home ranges since the ROW would be cleared. Mammals preferring open areas or edge
habitat, such as rabbits, would likely use the ROW after construction. Wildlife dependent on riparian
habitat in floodplains and within the Cedar Bayou watershed would also experience a detrimental effect.
The proposed canal with security fencing could create a barrier to the mobility of mammal species
present in the project area, although siphons are proposed to maintain the local hydrology and allow for
the movement of mammals.

46.2.1.3 Alternative 4

Mammalian wildlife would lose approximately 985 acres (including pump station and maintenance facility)
of potential habitat for Alternative 4. The loss of wooded areas would affect species such as foxes, bats,
deer, opossums and squirrels. The loss of prairie grassland would affect rodents such as mice, rats and
rabbits. The loss of underground habitat would affect species such as moles and shrews. Fossorial
species found within the ROW would likely be eliminated during construction. Mammalian species that
prefer forested areas and occur in the ROW'’s forested portions would be forced to adjust individual home
ranges since the ROW would be cleared. Wildlife dependent on riparian habitat in floodplains and within
the Cedar Bayou watershed would also experience a long-term, adverse effect. The proposed pipeline
easement would be a graded, mowed, maintained, and slightly elevated above the ground surface. The
easement would be surrounded by security fencing and lighting in the populated areas along the
Alternative 4 ROW and these features would create a barrier to the mobility of mammal species present in
the project area. It is expected that hydraulic and hydrologic studies would be performed during final
design phase for the pipeline alternatives, and that drainage conveyance structures and features may be
implemented that may also include wildlife crossings; however, wildlife would be adversely and
permanently affected by the implementation of Alternative 4. Mammals preferring open areas or edge
habitat, such as rabbits, would likely use the ROW after construction.

46.21.4 Alternative 6
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Mammalian wildlife would lose approximately 725 acres for Alternative 6, as a result of the proposed
project. The loss of wooded areas would affect species such as foxes, bats, deer, opossums and
squirrels. The loss of prairie grassland would affect rodents such as mice, rats and rabbits. The loss of
underground habitat would affect species such as moles and shrews. Fossorial species found within the
ROW would likely be eliminated during construction. Mammalian species that prefer forested areas and
occur in the ROW'’s forested portions would be forced to adjust individual home ranges since the ROW
would be cleared. Wildlife dependent on riparian habitat in floodplains and within the Cedar Bayou
watershed would also experience a long-term, adverse effect. The proposed pipeline easement would be
a graded, mowed, maintained, and slightly elevated above the ground surface. The easement would be
surrounded by security fencing and lighting in the populated areas along the Alternative 6 ROW and
these features would create a barrier to the mobility of mammal species present in the project area. Itis
expected that hydraulic and hydrologic studies would be performed during final design phase for the
pipeline alternatives, and that drainage conveyance structures and features may be implemented that
may also include wildlife crossings; however, wildlife would be adversely and permanently affected by the
implementation of Alternative 6. Mammals preferring open areas or edge habitat, such as rabbits, would
likely use the ROW after construction. Mammals preferring open areas or edge habitat, such as rabbits,
would likely use the ROW after construction.

4.6.2.1.5 Reduction and Mitigation of Potential Impacts

As discussed in more detail in Chapter 6, mitigation for habitat lost due to the proposed project includes
an approximate 3,000-acre property (2,983 acres) which has been identified for compensatory mitigation.
To facilitate wildlife movement, the proposed 18 siphon structures conveying water in the canal below the
ground surface in concrete box culverts could be used as wildlife crossings. The surface expression for
these drainage conveyance structures would be 200 feet long by 300 feet wide and would include
ditches, swales or open grassy areas. These structures would not be located at pipeline, utility
easements or roadway crossings and would allow safe wildlife passage across the LBITP canal. In
addition, it would be expected that hydraulic and hydrologic studies would be performed during final
design such that drainage conveyance structures and features for the pipeline sections of the LBITP may
be implemented; these features may also include wildlife crossings; however, this would reduce but not
eliminate permanent adverse effects of the LBITP.

Fencing would be placed on either side of the LBITP ROW. During preliminary planning, it was thought
that six-foot-tall, 4-strand, barb-wire fences would be constructed along both sides of the LBITP easement
including along the pipeline and canal for security purposes. This fence would be constructed using barb
wire except at roadway crossings where chain-linked fences would be constructed. Barb-wire fences are
not anticipated to pose a travel barrier for most species, as the strands may be designed to facilitate
wildlife movement. However, with the heightened terrorist threat in the United States, it is important to
manage security concerns associated with the LBITP water transfer to Lake Houston, a Houston
metropolitan area drinking water supply source. Contamination through biological agents would be a
concern in open water situations such as canals or channels. At roadway and other crossings, the raw
water from the Trinity River could be contaminated and source water protection would be addressed to
control threats to public safety related to source water protection requirements as implemented by the
EPA. Interms of citizen safety, installation of fencing surrounding the LBITP canal and potentially along
the pipeline easements would be necessary to prevent accidental, water-related injuries from occurring.

Security measures along the LBITP ROW would need to be implemented. Along the proposed
Alternative 3A alignment for the canal ROW, the area is remote with limited access roads, property
parcels are relatively large in extent, and are actively farmed with the result that property access is
already restricted. In the vicinity of Alternative 3A, it is possible that security and fencing requirements
coordinated with the EPA and DHS, as needed, would also be favorable to wildlife movement and habitat
use. The proposed CRPS facilities at the Trinity River (Alternatives 3A and 4) would be surrounded by
security chain-link fencing topped with 4-strand barb wire and would contain ownership information and
no trespassing signage. The existing TRPS (Alternative 6) and the proposed pipeline easement would
also need fencing to manage security. However, the ability for wildlife to migrate through the project area
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would be restricted considering the type of security fencing that may be needed to balance the need for
protection of drinking water supplies.

Barb-wire fencing would not present a barrier to smaller animals such as mice or raccoons which can
move underneath the lower wires. However, it could create a dangerous hazard to larger wildlife species
such as deer, which can become tangled and trapped in barb-wire fencing. To minimize negative impacts
to deer, all wires would be kept tight to prevent deer and other large mammals from being entangled
between the top two wire strands.

4.6.3 Recreationally and Commercially Important Wildlife Species

The area of direct influence in Alternative 3A for recreationally and commercially important wildlife species
includes the potential Alternative 3A ROW location including roads, pipeline, canal with access roads and
fencing, pump and discharge stations, sedimentation basin, maintenance facility and utility lines, the
proposed mitigation property and the lower Trinity River, Lake Livingston, Lake Houston, and Galveston
Bay.

Based on a study conducted by Blair (1950), NLCD data (2006), site visits and aerial photography, the
regional ecosystem (Austroriparian Biotic Province) was reviewed for recreationally and commercially
important wildlife species likely inhabiting the proposed project area. These species are discussed in

Chapter 3.

46.3.1 No Action

Under the No Action Alternative, the proposed project would not be constructed or operated. As a result,
no construction activities would occur, and there would be no impacts to the lower Trinity River, Lake
Livingston, Lake Houston, or Galveston Bay. No impacts would occur to habitat areas used by
recreationally or commercially important wildlife species.

46.3.2 Alternative 3A, Alternative 4 and Alternative 6

Habitat occupied by species pursued for recreational purposes would be lost. Impacts to wildlife species
due to project-related construction activities including recreationally important species were previously
discussed. A change from private to public land use would occur due to the Alternatives 3A, 4 and 6
construction, operation and maintenance, but no direct impact to existing public lands would occur. Less
than one percent of the undeveloped land which could be used by recreationalists who enjoy viewing or
hunting wildlife, would be directly impacted by the proposed project in the long-term.

4.6.3.3 Reduction and Mitigation of Potential Impacts

The proposed mitigation site would be deeded to the USFWS to be included in the TRNWR. The
mitigation area would be made available for public recreational use, increasing the amount of public land
in Liberty County. To facilitate movement of important wildlife species, the proposed 18 siphon structures
conveying water in the canal below the ground surface in concrete box culverts could be used as wildlife
crossings. The surface expression for these drainage conveyance structures would be 200 feet long by
300 feet wide and would include ditches, swales or open grassy areas. These structures would not be
located at pipeline, utility easements or roadway crossings and would allow safe wildlife passage across
the LBITP canal. In addition, it would be expected that hydraulic and hydrologic studies would be
performed during final design such that drainage conveyance structures and features for the pipeline
sections of the LBITP may be implemented; these features may also include wildlife crossings; however,
this would reduce but not eliminate permanent adverse effects of the LBITP.
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4.6.4 Amphibians and Reptiles

The area directly influenced by Alternative 3A for reptiles and amphibians includes the potential location
for the Alternative 3A ROW including roads, pipeline, canal with access roads and fencing, pump and

discharge stations, sedimentation basin, maintenance facility and utility lines plus the lower Trinity River
at the permitted Capers Ridge diversion point to approximately 2,000 feet downstream, the approximate
3,000-acre proposed mitigation property, and the discharge location at Luce Bayou near Lake Houston.

Based on a study conducted by Blair (1950), NLCD data (2006), site visits and aerial photography, the
regional ecosystem (Austroriparian Biotic Province) was reviewed for the common reptiles and
amphibians likely inhabiting the proposed project area. The common amphibian and reptile species
found within the proposed project area are discussed in Chapter 3.

46.4.1 No Action

Under the No Action Alternative, the proposed project would not be constructed or operated. As a result,
no construction activities would occur, and there would be no impacts to amphibian or reptile species
inhabiting the existing area or the preferred habitats.

46.4.2 Alternative 3A

Reptile and amphibian wildlife would lose potential habitat such as wooded areas due to construction,
operation and maintenance activities. Typically, reptiles inhabiting the ROW of large construction projects
would be eliminated. Surrounding areas have similar habitat and vegetation which can be inhabited by
species mobile enough to leave the construction area. For herptile species that prefer woody habitats
and occur in the Alternative 3A vicinity, home ranges would likely be adjusted due to clearing the ROW.
The proposed canal could cause a barrier to more land-based reptiles such as box turtles; however, most
reptiles and amphibians would be able to traverse the canal to search for foraging and nesting areas.
After the canal is in operation, the open water could provide habitat for some herptile species. Removing
vegetative areas, including wooded areas, could potentially result in a direct short-term impact to reptile
and amphibian species.

46.4.3 Alternative 4

Reptile and amphibian wildlife would lose potential habitat such as wooded areas due to construction,
operation and maintenance activities. Typically, reptiles inhabiting the ROW of large construction projects
would be eliminated. Surrounding areas have similar habitat and vegetation which can be inhabited by
species mobile enough to leave the construction area. For herptile species that prefer woody habitats
and occur in the Alternative 4 vicinity, home ranges would likely be adjusted due to clearing the ROW.
Removing vegetative areas, including wooded areas, could potentially result in a direct short-term impact
to reptile and amphibian species.

46.4.4 Alternative 6

Reptile and amphibian wildlife would lose potential habitat such as wooded areas due to construction,
operation and maintenance activities. Typically, reptiles inhabiting the ROW of large construction projects
would be eliminated. Surrounding areas have similar habitat and vegetation which can be inhabited by
species mobile enough to leave the construction area. For herptile species that prefer woody habitats
and occur in the Alternative 6 vicinity, home ranges would likely be adjusted due to clearing the ROW.
Removing vegetative areas, including wooded areas, could potentially result in a direct short-term impact
to reptile and amphibian species.

4.6.4.5 Reduction and Mitigation of Potential Impacts

Mitigation for habitat lost due to the proposed project includes an approximate 3,000-acre (2,983 acre)
land parcel which has been identified for compensatory mitigation.

Environmental Impact Statement
Luce Bayou Interbasin Transfer Project October 2012



4-87

46.5 Birds

The area directly influenced by Alternative 3A for birds includes Alternative 3A ROW'’s potential location
including roads, pipeline, canal with access roads and fencing, pump and discharge stations,
sedimentation basin, maintenance facility and utility lines plus the lower Trinity River, Lake Livingston,
Lake Houston, and Galveston Bay.

Based on a study conducted by Blair (1950), NLCD data (2006), site visits and aerial photography, the
regional ecosystem (Austroriparian Biotic Province) was reviewed for the common bird species likely
inhabiting the proposed project area. The common bird species occurring within the proposed project
area are discussed in Chapter 3.7.14.

465.1 No Action

Under the No Action Alternative, the proposed project would not be constructed or operated. As a result,
no construction activities would occur and there would be no impacts to the lower Trinity River, Lake
Livingston, Lake Houston, or Galveston Bay. No impacts would occur to bird species that currently
inhabit the existing habitats and the vegetative islands associated with Stroesser Farms, Inc. reservoir.

465.2 Alternative 3A

Avian wildlife would permanently lose approximately 1,050 acres of potential habitat due to the proposed
project. Aquatic area loss would affect herons, coots, geese, ducks and other birds which forage or
inhabit aquatic areas. Upland woodlands loss would affect species such as owls, woodpeckers and
hawks. The overall loss of wooded areas and prairie grassland would affect migratory and residential bird
species in general. However, surrounding areas have similar habitat and vegetation which can be used
by avian wildlife.

Impacts from proposed project construction on birds are considered to be beneficial and adverse. A
potential beneficial effect on avian species from the proposed project would be providing edge habitats
adjacent to the proposed ROW. This edge habitat would benefit species such as the Blue Jay,
Flycatchers, Northern Cardinal, Cooper’s hawk (Accipiter cooperii) and Northern Mockingbird. Adverse
impacts to avian species from the proposed project construction, ROW construction, and maintenance
would range from habitat loss to population fragmentation. Several studies indicate forest and grassland
fragmentation have negative effects on avian species which show a marked preference for large
undisturbed and/or native habitat patches. Species are not randomly distributed regarding habitat patch
size, and fragmentation favors edge- and small-patch-adapted species. For those species dependent on
larger patches and less adapted to edge, increases in woodland or forest edge effect can increase
predation, brood parasitism, invasive species introduction, and reduce mating and nesting success.

In accordance with the Migratory Bird Treaty Act to protect migratory bird species, clearing the ROW in
the vicinity of reservoirs would occur outside the bird nesting season (February 15 to September 1). The
TPWD considers construction activities to include, but does not limit them to, removing nests or nest
structures, tree felling, vegetation clearing, trampling and maintenance. If nesting pairs of migratory birds
are observed, construction activities in those areas would be rescheduled if possible to avoid impacts.

Impacts to avian species from the proposed project construction, operation, and maintenance activities
range from habitat loss to fragmented populations. Several studies indicate forest and grassland
fragmentation have negative effects on some avian species that show a marked preference for large
undisturbed and/or native habitat patches (Wilcove and Terborgh 1984; Askins, Philbrick and

Sugeno 1990; Blair 1966; Blair 2001; Sauer, Hines and Fallon 2005; and, Whitcomb et al. 1981). For
species dependent on larger habitat areas and less adapted to edge or fragmented habitat, increases in
woodland or forest edge effect can increase predation, brood parasitism, invasive species introduction,
and reduce mating and nesting success.
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A potential beneficial effect on avian species from the proposed project would be providing edge habitats
adjacent to the proposed ROW. This edge habitat would benefit species such as the Blue Jay,
Flycatchers, Northern Cardinal, Cooper’s hawk (Accipiter cooperii) and Northern Mockingbird. Adverse
impacts to avian species from the proposed project construction, ROW construction, and maintenance
would range from habitat loss to population fragmentation. Several studies indicate forest and grassland
fragmentation have negative effects on avian species which show a marked preference for large
undisturbed and/or native habitat patches. Species are not randomly distributed regarding habitat patch
size, and fragmentation favors edge- and small-patch-adapted species. For those species dependent on
larger patches and less adapted to edge, increases in woodland or forest edge effect can increase
predation, brood parasitism, invasive species introduction, and reduce mating and nesting success.

46.5.3 Alternative 4

Avian wildlife would lose approximately 985 acres (including pump station and maintenance facility) of
potential habitat for Alternative 4. Aquatic area loss would affect herons, coots, geese, ducks and other
birds which forage or inhabit aquatic areas. Upland woodlands loss would affect species such as owils,
woodpeckers and hawks. The overall loss of wooded areas and prairie grassland would affect migratory
and residential bird species in general. However, surrounding areas have similar habitat and vegetation
which can be used by avian wildlife.

Impacts from proposed project construction on birds are considered to be beneficial and adverse. A
potential beneficial effect on avian species from the proposed project would be providing edge habitats
adjacent to the proposed ROW. This edge habitat would benefit species such as the Blue Jay,
Flycatchers, Northern Cardinal, Cooper’s hawk (Accipiter cooperii) and Northern Mockingbird. Adverse
impacts to avian species from the proposed project construction, ROW construction, and maintenance
would range from habitat loss to population fragmentation.

Several studies indicate forest and grassland fragmentation have negative effects on avian species which
show a marked preference for large undisturbed and/or native habitat patches. Species are not randomly
distributed regarding habitat patch size, and fragmentation favors edge- and small-patch-adapted
species. For those species dependent on larger patches and less adapted to edge, increases in
woodland or forest edge effect can increase predation, brood parasitism, invasive species introduction,
and reduce mating and nesting success.

4654 Alternative 6

Avian wildlife would lose approximately 725 acres for Alternative 6, as a result of the proposed project.
Aquatic area loss would affect herons, coots, geese, ducks and other birds which forage or inhabit
aquatic areas. Upland woodlands loss would affect species such as owls, woodpeckers and hawks. The
overall loss of wooded areas and prairie grassland would affect migratory and residential bird species in
general. However, surrounding areas have similar habitat and vegetation which can be used by avian
wildlife.

Impacts from proposed project construction on birds are considered to be beneficial and adverse. A
potential beneficial effect on avian species from the proposed project would be providing edge habitats
adjacent to the proposed ROW. This edge habitat would benefit species such as the Blue Jay,
Flycatchers, Northern Cardinal, Cooper’s hawk (Accipiter cooperii) and Northern Mockingbird. Adverse
impacts to avian species from the proposed project construction, ROW construction, and maintenance
would range from habitat loss to population fragmentation. Several studies indicate forest and grassland
fragmentation have negative effects on avian species which show a marked preference for large
undisturbed and/or native habitat patches. Species are not randomly distributed regarding habitat patch
size, and fragmentation favors edge- and small-patch-adapted species. For those species dependent on
larger patches and less adapted to edge, increases in woodland or forest edge effect can increase
predation, brood parasitism, invasive species introduction, and reduce mating and nesting success.

Environmental Impact Statement
Luce Bayou Interbasin Transfer Project October 2012



4-89

4.6.5.5 Reduction and Mitigation of Potential Impacts

In accordance with the Migratory Bird Treaty Act to protect migratory bird species, clearing the ROW in
the vicinity of reservoirs would occur outside the bird nesting season (February 15 to September 1). The
TPWD considers construction activities to include, but does not limit them to, removing nests or nest
structures, tree felling, vegetation clearing, trampling and maintenance. If nesting pairs of migratory birds
are observed, construction activities in those areas would be rescheduled if possible to avoid impacts.

4.6.6 Aquatic Species

The area of direct influence for Alternative 3A and Alternative 4 for aquatic species includes the proposed
location of the CRPS and the Luce Bayou discharge structure and approximately 2,000 feet downstream
of each as well as the aquatic environment of the upper and lower Trinity River, upper and lower San
Jacinto River, Lake Livingston, Lake Houston, and Galveston Bay.

The area of direct influence for Alternative 6 for aquatic species includes the proposed location of the
Trinity River Pump Station and the Luce Bayou discharge structure and approximately 2,000 feet
downstream of each as well as the aquatic environment of the upper and lower Trinity River, upper and
lower San Jacinto River, Lake Livingston, Lake Houston, and Galveston Bay.

46.6.1 No Action

Under the No Action Alternative, the proposed project would not be constructed or operated. As a result,
no construction activities would occur and there would be no impacts to fish or mussel species that
inhabit the existing area, their preferred habitats, or the to the lower Trinity River, Lake Livingston, Lake
Houston, or Galveston Bay. No long-term, direct effects would be expected to occur.

46.6.2 Alternative 3A, Alternative 4, and Alternative 6

A freshwater mussel survey was conducted in January 2012 in the Trinity River at the proposed Capers
Ridge Pump Station and in the East Fork of the San Jacinto River at the proposed Lake Houston
discharge structure to characterize the habitats and mussels, including abundance and species, occurring
in these waters (AECOM 2012). For this survey, TPWD issued a collection permit to allow for mussels to
be identified in the lower Trinity River and Luce Bayou at Lake Houston. The characterization methods
for habitat and mussel species were similar for both the Trinity River and Lake Houston locations with the
exception of the higher frequency of wader-based survey techniques in the Lake Houston discharge area
due to the lower water levels. Transects approximately 300 feet in length and 25 feet apart were
established and live mussels and mussel shells encountered along the transects were collected for
identification. Live mussels were returned to the area from which they were obtained. Habitat
characterization along the established transects included a general description of the submerged aquatic
vegetation (SAV), SAV percent cover, and dominant substrate type.

Risk analyses were conducted for Alternative 3A in which water quality data from 11 stations were
examined (three stations in the San Jacinto River watershed above Lake Houston, five stations in the
Lower Trinity River watershed, and three stations in Lake Houston) for factors that would most likely
impact a successful establishment of zebra and quagga mussel populations (McMahon 2012). These
factors include summer surface water temperatures, calcium concentrations, surface water pH levels, and
surface water dissolved oxygen (DO) concentrations.

Impacts to fish and freshwater mussels could occur from construction within the watershed, such as
dredging, trenching, or soil and fill runoff. Effects from such activities include excessive sedimentation,
changes in water flow and speed, and exposure from clearing out debris where mussels might take
shelter. The construction of the proposed pumping station and outflow would require construction
activities within the Trinity River and the backwaters of Lake Houston near Luce Bayou. Freshwater
mussels and benthic species located at these locations would likely be removed. Following construction
and once water is returned, benthic organism and mussels would likely re-establish in the area. Potential
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direct impacts to fish and freshwater mussel species as a result of construction activities would not be
permanent and would be short-term in duration.

Fishing is an important recreational activity on the Trinity River and Lake Houston although neither of the
waterbodies is commercially fished. As described in Chapter 3.7, numerous species of fish that occur
within the Trinity River and Lake Houston are desirable to anglers. These fish are generally abundant in
both waterbodies. The proposed pump station would impinge some game fish on the screens and entrain
fish eggs in the transfer system. The minor loss of game species would not have a measurable impact on
recreational fish species along the Trinity River. The existing TRPS downriver of the proposed CRPS has
not had a measurable impact on recreational fish species.

The outfall discharge at Luce Bayou near the confluence with Lake Houston would likely benefit
recreational fish species in the area. Predictive models have shown that DO may slightly increase as a
result of the project. The water transfer would also help water levels during drought times. Since a small
area (0.30 acre) would be dewatered during construction, fish occupying that area would likely be
eliminated. After construction, the same amount of surface water area would be present, allowing
recreational species to re-inhabit the area. Construction-related activities could potentially result in
short-term direct impacts to recreationally and commercially important fish species while the area is
dewatered for construction.

Based on the 2012 mussel survey conducted at the Trinity River and Lake Houston, no Federal- or
State-listed threatened and/or endangered, rare, invasive, or potential candidate species of freshwater
mussels were identified (AECOM 2012; McMahon 2012). During this survey, one juvenile giant floater
mussel, several giant floater mussels and two southern maple leaf mussel shells were collected from the
Trinity River. Similar to earlier reports by Howells (2009), current data and survey results do not indicate
notable freshwater mussel populations in the lower Trinity River downstream of Lake Livingston or at the
discharge location of Alternative 3A. Habitat constraints for freshwater mussels including an unstable
environment, shifting sands and silts, decaying vegetative cover (Lake Houston), collapsing or unstable
river or stream banks, extreme water level fluctuations or temperature fluctuations resulting from long
periods of exposure, and other anthropogenic influences create conditions that are undesirable for
freshwater mussels. The conclusion based on the survey conducted would be that the aquatic habitat in
the vicinity of the proposed action alternatives is unlikely to support large, diverse or rare unionid
populations although it is possible that areas of the lower Trinity River may contain small pockets of
micro-habitat that could support limited numbers of freshwater mussels (Howells 2009).

According to studies conducted, mussels that inhabit the lower Trinity River and Lake Houston are not
known to include rare unionid species currently being considered for State or Federal listing (Howells
2009). According to these investigations, Alternative 3A would not be expected to have direct impacts on
mussel species that are candidates for State or Federal listing or to pose major threat to existing unionid
populations.

Impacts to freshwater mussels are also known to occur from the introduction of exotic bivalves, such as
Asian clams or zebra mussels. In many instances, exotic species can outcompete and outpopulate
native mussel species in a short period of time. Many exotic species are known to attach to pipes and
equipment making them inoperable until the species are removed. Asian clams have already been
introduced in this area in the past and zebra mussels have been discovered in Lake Lavon in the upper
Trinity River drainage, making it possible for them to reach the lower Trinity River area. Successful
measures to control zebra mussels are limited to physical and chemical treatments. However, many of
these treatments would be prohibited for use in drinking water supplies such as Lake Houston.

The proposed action alternatives could potentially introduce habitats that may be conducive to
inhabitation by zebra mussels. Operation of the canal would likely create additional habitat for benthic,
mussel, and nekton species. Risk analyses conducted for the proposed project stated that if “ zebra
mussels become established in Lake Livingston, mussel larvae carried downstream in the lower Trinity
River could be transported to Lake Houston via the proposed Alternative 3A from the Trinity River to Lake
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Houston” (McMahon 2012). Should a zebra mussel infestation occur in Lake Houston, only populations
of low density would occur as the larvae would be carried further downstream into Trinity Bay. In
addition, based on the water quality data reviewed in the analyses, “...the waterways and reservoirs on
the watersheds of the San Jacinto and lower Trinity Rivers encompassed by the examined stations would
be highly resistant to quagga mussel invasion due to their summer surface water temperatures being
elevated above its incipient upper thermal limit of 28°C” (McMahon 2012). However, zebra mussels have
a high incipient thermal limit (32°C) and could therefore establish a population in the waterways and
waterbodies of the San Jacinto and lower Trinity River watersheds.

It is unlikely that major, long term, widespread or permanent direct impacts to fish or freshwater mussels
would occur as a result of construction, operation, or maintenance associated with Alternatives 3A, 4 or 6
with the exception of the potential transfer of the invasive zebra mussel species from the lower Trinity to
the San Jacinto River watersheds.

Pumping at the CRPS could impinge larger fish on intake screens, and entrain fish eggs and mussel
larvae through the transfer system. The proposed Alternative 3A would utilize a trash rack and screening
that would impact aquatic species who could potentially get caught and trapped. Although there is a risk
of impingement and entrainment on the pump intake screens at the Capers Ridge Pump Station, during
typical pumping operations, the intake screen design would control approach velocities at the Trinity River
intake structure. During normal flow conditions, the intake approach velocities would be approximately
0.4 feet/second (ft/sec). The anticipated approach velocity would be expected to reduce the effect of
Alternative 3A on fish and nekton of the Trinity River. In addition, the proposed intake screens would be
constructed in the banks of the channel. The location of these screens within the channel bank could
also potentially reduce the risk of entrainment. The screens would be designed to allow smaller- to
medium-sized organisms to pass through, which would reduce mortality on nektonic species that may be
incidentally discharged into Alternative 3A conveyance channel canal.

46.6.3 Essential Fish Habitat

The area of direct influence for the proposed alternatives for essential fish habitat (EFH) includes the
intake pump and discharge stations, the lower Trinity River, Lake Houston, Lake Livingston, and
Galveston Bay.

46.6.3.1 No Action

Under Under the No Action Alternative, the proposed project would not be constructed or operated. As a
result, no construction activities would occur and there would be no impacts to the lower Trinity River,
Lake Livingston, Lake Houston, or Galveston Bay. No long-term, direct effects would be expected to
occur.

As discussed in Section 3.7.15.2, Essential Fish Habitat, information from NOAA/NMFS was reviewed to
determine EFH areas within the proposed action alternatives area and the Influence Area for aquatic
species.

46.6.3.2 Alternative 3A

Lake Houston is considered EFH by NMFS. However, the proposed discharge point into Luce Bayou
upstream of Lake Houston would not impact tidally influenced waters and would not impact marsh or
other type of nursery habitat for species listed for Lake Houston. The construction, operation and
maintenance of Alternative 3A would not have long-term, permanent direct or indirect impacts on the
existing EFH areas of Lake Houston.

4.6.6.3.3 Alternative 4, and Alternative 6

Environmental Impact Statement
Luce Bayou Interbasin Transfer Project October 2012



4-92

Lake Houston is considered EFH by NMFS. The proposed discharge point into Luce Bayou upstream of
Lake Houston may impact tidally influenced waters and marsh or other type of nursery habitat for species
listed for Lake Houston. The construction, operation and maintenance of Alternative 4 and 6 may
therefore have long-term, permanent direct or indirect impacts on the existing EFH areas Lake Houston.

4.6.6.4 Reduction and Mitigation of Potential Impacts

No mitigation is required as no impacts to the Lake Houston EFH, marsh or other fish nurseries listed for
Lake Houston would occur as a result of the construction, operation and maintenance of the proposed
action alternatives. Information for Federal- or State-listed threatened and/or endangered, rare, invasive,
or potential candidate species is provided in Chapter 4.8, Threatened and Endangered Species.

4.6.7 Vegetation

The area of direct influence for Alternatives 3A, 4, and 6 for terrestrial vegetation and wildlife includes the
proposed location for LBITP ROW including roads, pipeline, access roads, drainage ditches, canal, pump
and discharge stations, sedimentation basin, maintenance facility and utility lines.

46.7.1 No Action

Under the No Action Alternative, the proposed project would not be constructed or operated. As a result,
no construction activities would occur and there would be no direct or indirect impact or change to the
existing vegetation/land cover types or to wildlife habitats within the Alternative 3A, 4, or 6 ROW.

46.7.2 Alternative 3A

46.7.2.1  Analysis Method

Vegetation and land cover types occurring within the Alternative 3A ROW were identified and described in
by Table 3-22 based on the National Land Cover Database of 2006 (NLCD 2006) and the results of field
investigations conducted by biologists. NLCD 2006 is a 16-class land cover classification scheme for the
conterminous United States that was developed at a spatial resolution of 100 feet. NLCD 2006 is based
primarily on the classification of Landsat Enhanced Thematic Mapper+ (ETM+) circa 2006 satellite data.
These data were used along with GIS analyses of aerial photography and the results of field
investigations to initially determine the vegetation/land cover types directly affected by the construction of
Alternative 3A. The analyses conducted included the quantification of the total number of acres within the
Alternative 3A ROW by vegetation type (see Table 4-13). Since the above analyses were conducted,
Phase | and Phase Il of the Ecological Systems Classification and Mapping Project in support of the
Texas Comprehensive Wildlife Conservation Strategy have been conducted and the results have been
published (TPWD 2012 and TPWD in progress). These latest state-wide efforts at vegetative
classification have been integrated into the Habitat Evaluation Procedure (HEP) conducted by USACE to
address public scoping comments, the alternatives analysis presented in Chapter 2.5 and Chapter 2.9 of
this DEIS, and the vegetative type effects analyses conducted for Alternative 3A.

To evaluate the function and habitat value represented by the vegetative and use type within the
Alternative 3A ROW, a Habitat Evaluation Procedure (HEP) was conducted, as directed by USACE to
address public comment received in response to the Public Scoping Meeting held on Thursday, July 21,
2011 for the Luce Bayou Interbasin Transfer Project Draft Environmental Impact Statement. The
generalized process for conducting a HEP study involves the following components (USFWS 1980):

= Determine the applicability of HEP and define the study area

= Delineate habitat or vegetation cover types

= Select the relevant evaluation species

= Determine each species’ life requisites

= Measure habitat variables for suitability
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= Determine baseline and future habitat units

= Develop compensation/mitigation plans for the proposed project

The HEP is a habitat-based evaluation methodology developed by U.S. Fish and Wildlife Service
(USFWS) in 1974 for use as an analytical tool in impact assessments and project planning. HEP is used
to evaluate the species and potential habitat present based on an analysis of the ecological value of an
area. The approach is to quantify the value of habitat available to a selected set of wildlife species within
a specified geographic area of interest. The method is designed to describe wildlife habitat values at
baseline and future conditions to allow for comparisons of the relative values of different areas at the
same point in time or of the same area at different points in time. Because HEP provides a quantitative
method for such comparisons, it may be used to undertake assessments of current and future wildlife
habitat or compensation analyses.

HEP appraises a study area by quantifying its habitat value, calculated as the product of habitat quantity
and habitat quality. This value is expressed in Habitat Units (HU). Habitat quantity is simply the total
area of habitat available within the study area, usually expressed in number of acres. Available habitat
within the study area may be subdivided into cover types, or distinct areas with similar ecological
characteristics that are adequately homogeneous. If the study area is subdivided into cover types, habitat
guantities used in evaluation may be subsets of the study area. Habitat quality is expressed in terms of a
Habitat Suitability Index (HSI), which is determined by comparing the ecological characteristics of the
study area to the habitat characteristics that are optimum for the evaluation species. Evaluation species
are representative wildlife species with known habitat requirements selected to provide the basis for
assessment of habitat suitability.

HSI values are based on two components, including the habitat characteristics that provide ideal
conditions for an evaluation species and the habitat characteristics existing in the study area. These
characteristics are described by a set of measurable habitat variables, such as the height and percent
cover of various vegetation types, the distance to water or food, the availability of perching or nesting
sites, or the frequency of flooding. The set of habitat variables needed to determine HSI values are
obtained from documented habitat suitability models for each evaluation species. These models describe
the life requisites of each species, the relationship between the values of habitat variables, the suitability
of the area to meet its life requisites, and the method to integrate these suitability relationships into an
HSI value. HSI values range from zero (0.0) to one (1.0), with zero representing unsuitable conditions and
1.0 being optimal conditions.

Habitat values may be calculated for each evaluation species within its available habitat or for each cover
type within the study area. Calculations based on existing ecological conditions can be used to describe
baseline conditions and serve as a reference point for comparison to predicted future habitat values with
or without proposed actions or mitigation measures. HEP provides a consistent means of assessing
project impacts by demonstrating, in HUs gained or lost, the beneficial or adverse impacts anticipated as
a result of various courses of action. HEP aids mitigation analysis by identifying which factors negatively
impact habitat values in various scenarios, thus suggesting means for improving habitat or selecting
mitigation lands.

46.7.2.2  Environmental Consequences

Alternative 3A begins in central Liberty County, Texas, extends along Capers Ridge from the Trinity River
intake structure and terminates in northeast Harris County, Texas near the confluence of the East Fork of
the San Jacinto River and Lake Houston. Alternative 3A is approximately 140,000 linear feet or

26.5 miles in length, and would encompass approximately 1,050 acres within a 300-foot wide ROW;
additionally there would be approximately 90 acres required for a pump station, and approximately

10 acres required for a maintenance facility. The existing habitat within the ROW of Alternative 3A is
comprised of forested areas, terrestrial wetlands, agricultural land, grazing land, and public land (roads
and public utilities).

Based on both the NLCD 2006 database and field investigations including those conducted to perform the
PJD along the Alternative 3A ROW, seven terrestrial vegetation types were identified within the
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Alternative 3A ROW: Upland Woodlands (Forest), Mosaic/Transitional Woodlands (Mixed Forest),
agricultural fields (Row Crops), Pasturelands (Pasture and Hay), Scrub-Shrub vegetation, Wetlands and
Hydric Communities (Woody and Emergent Herbaceous Wetlands), and Open Water. Based on this
vegetative and land use classification scheme, the dominant vegetative type directly and permanently
impacted by the construction and operation of Alternative 3A is Upland Woodlands (32 percent) within the
300-foot Alternative 3A ROW, closely followed by Agricultural Fields (28 percent). The summary of direct
permanent impacts to vegetation and land cover within the Alternative 3A ROW is provided by

Table 4-15.

Table 4-15:
Vegetation and Land Use/Land Cover Data for the Alternative 3A ROW

Approximate

Vegetation and Land Area Percent Cover
Use/Land Cover Description (acres) (%)
Upland Woodlands Areas dominated by trees generally greater than five 338 32
(Forest) meters tall and greater than 20 percent of total

vegetation cover. This area mostly includes
deciduous hardwood forests and some mixed
pine-hardwood forests.

Mosaic/Transitional Areas dominated by trees generally greater than five 25 2
Woodlands meters tall, and greater than 20 percent of total
(Mixed Forest) vegetation cover. These flat woodlands are

transitional forests interspersed with small wetland

communities.
Agricultural Fields Areas actively used for the production of agricultural 286 28
(Cultivated Crops) goods including grain and forage crops. This class

also includes all land being actively tilled.

Pasturelands Areas with 80 percent or greater herbaceous 135 13
(Pasture, Hay) vegetation with little to no woody vegetation. These
areas are not subject to intensive management such
as tilling, but can be utilized for grazing.

Scrub/Shrub Areas dominated by shrubs less than five meters tall 40 4
with shrub canopy typically greater than 20 percent
of total vegetation. This class includes tree shrubs,
young trees, or stunted trees.

Wetlands and Hydric Areas dominated by wetland or riparian plants, 200 19
Communities including herbaceous and wooded vegetation.
(Woody and Emergent
Herbaceous Wetlands)

Open Water All areas of open water, generally with less than 25 26 2
percent cover of vegetation or soil.

Total 1,050 100.00

NLCD2006; Summary PJD Reports submitted to USACE (AECOM 2010)
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The TPWD'’s Ecological Systems Classification of Texas Project grew out of a recognized need to provide
better land cover classification and mapping for the state in order to facilitate improved planning and
management. The original satellite-based land cover map was produced by the Texas Parks and Wildlife
Department in 1984 (McMahan et al. 1984). As described above, that map series was updated by more
recent products, including the latest NLCD (http://landcover.usgs.gov/uslandcover.php ), the USGS GAP
Analysis dataset (http://gapanalysis.nbii.gov/portal/server.pt ), and the national LandFire map
(http://www.landfire.gov ). All of the recent maps resulted in 30 meter resolution datasets, appropriate for
planning at regional and statewide scales of resolution. The national ‘gold standard’ is NLCD (developed
using circa 2001 satellite data), which recognized fewer than 20 land cover types statewide. None of
these efforts have produced maps that are generally useful at a county level or below. The goal of the
Ecological Systems Classification of Texas Project was to produce a map with a useful spatial resolution
at a 1:24,000 scale (1 inch = 2,000 feet, the same scale as a U.S. Geological Survey (USGS) 7.5-minute
guadrangle map) that would also contain a sufficient number of land cover and vegetative classes
(thematic resolution) to provide improved insights for planning and management at a sub-county, or large
ownership, scale of resolution. The referenced map was produced by first classifying the land cover, and
then using ancillary data (e.g. hydrology, environmental data, highways and cities) to model final mapped
vegetation types. The first step resulted in 15 base land cover classes, whereas the second step resulted
in the identification of 109 mapped vegetation types across the state of Texas. These efforts provide
planning level vegetative classifications at a 30 foot resolution with approximately 10 times more land
cover classes than previous vegetative mapping efforts that resulted in maps of similar type.

In addition, this modified ecological systems classification scheme explicitly incorporates vegetation
dynamics and therefore facilitates better ecological interpretations for the biologist and planner. Newly
identified remote sensing classification techniques were integrated into the analyses conducted; the result
is a vegetative type classification map based on meticulous data analyses that is both usefully
interpretative, consistent across geopolitical boundaries, and flexible enough to achieve the desired
vegetative analyses needed whether the need is defined at the local, regional, or state planning levels.
Phase | and Phase Il of the Ecological Systems Classification and Mapping Project in support of the
Texas Comprehensive Wildlife Conservation Strategy is incorporated by reference to this DEIS.

The vegetative data produced during Phase | and Phase Il of the Ecological Systems Classification and
Mapping Project were analyzed using GIS software, polygon development, and spatial overlay techniques
to facilitate vegetative interpretation. From the centerline of the Alternative 3A ROW, a polygon
representing the 300-foot wide Alternative 3A ROW was created using ArcMap®. The clipped raster
image was converted to the polygon layer and analyzed spatially using a GIS program to aggregate the
TPWD vegetation data within the Alternative 3A ROW. Based on the referenced classification scheme,
Open Water includes water supply reservoirs (i.e., Lake Livingston and Lake Houston), bays, large ponds
(i.e., irrigation ponds), canals, and the Gulf of Mexico and large rivers such as the East Fork San Jacinto
River and the Trinity River. Of special note, the Ecological Systems Classification and Mapping Project
identified “riparian areas” as that vegetative type located within 30 meters (approximately 133 feet) of
streams that are themselves identified as streams by the National Hydrology (NHD) Dataset
(<http://nhd.usgs.gov/data.html>). High and low intensity Urban Cover were also classified by this system
with a minor area of low intensity Urban Cover identified near the proposed Alternative 3A maintenance
facility along SH 321.

Based on the analysis of the TPWD'’s Ecological Systems Classification of Texas Project data within the
Alternative 3A ROW, excluding the CRPS, a number of vegetative types were identified as summarized
by Table 4-13. The summary of direct permanent impacts to vegetation described by the Ecological
Systems Classification of Texas Project within the Alternative 3A ROW is provided in Table 4-16.
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Common Name

Description

Alternative 3A
(acres)

Chenier Plain: Mixed Live
Oak/Deciduous Hardwood
Fringe Forest

Generally occurs over wet soils and may include
coastal live oak or loblolly pine mixed with
deciduous species, or in some places southern
magnolia. Deciduous trees may include laurel
oak, water oak, willow oak, cherrybark oak,
sweetgum, Hercules-club pricklyash, Chinese
tallow, and post oak.

23.0

Row Crops
(Agricultural Fields)

Includes all cropland where fields are fallow for
some portion of the year. Some fields may
rotate into and out of cultivation frequently, and
year-round cover crops are generally mapped
as grassland.

284.0*

Gulf Coast: Coastal Prairie

A variety of grasslands are circumscribed by this
mapped type, and species such as
Bermudagrass, Bahia grass, rat-tail smutgrass,
broomsedge bluestem, busy bluestem,
brownseed paspalum, and little bluestem may
be dominant.

Shrubs such as baccharis, Chinese tallow, or
mesquite may be present.

176.45

Gulf Coast: Coastal Prairie
Pond Shore

Herbaceous or sparse woody cover is
characteristic, and species such as sedges,
rushes, switchgrass, bushy bluestem,
maidencane, and emergent aquatics may be
important. Woody species such as Chinese
tallow, sweetgum, water oak, sugar hackberry,
rattlebox senna may also form sparse overstory
cover.

12.0

Marsh

A variety of small areas of wet soils or
alternately wet and dry soils, often near tanks or
ponds, are represented within this type.
Herbaceous species such as cattails,
spikerushes, sedges, and grasses such as
Johnsongrass or Bermudagrass may be
important.

0.34

Native Invasive: Deciduous
Shrub Land

A variety of shrubs and generally small or
sparse deciduous trees may be important in this
successional type that was mapped on
nonprairie soils. Important species may include
water oak, sweetgum, southern red oak,
Chinese tallow (south), baccharis, yaupon,
winged elm, sugar hackberry, southern
dewberry, and elbow-bush. Small pine trees
may be present in young, managed plantations.

0.80
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Alternative 3A
Common Name Description (acres)

This broadly-defined type is mapped on prairie
soils and may contain sugar hackberry, cedar
Native Invasive: Deciduous |elm, water oak, sweetgum, winged elm, and

Woodland yaupon as important species; Chinese tallow
and loblolly pine may be present in the
Southeast.

11.0

This type is mapped on prairie soils or on
disturbancesoils and is commonly dominated by
eastern redcedar, A variety of deciduous
species may also be present, including cedar 1.3
elm, winged elm, sugar hack berry, sweetgum,
water oak and mesquite. In the southeast,
loblolly pine is often the dominant tree.

Native Invasive: Juniper
Shrub Land

More or less dense stands of Chinese tallow
characterize this type, which is generally

Non-Native Invasive: Chinese 2 .
mapped over prairie soils. Other component

Tallow Forest, Woodland, or ) . . 149.0
species may include baccharis, sweetgum,
Shrub Land ' .
water oak, blackgum, loblolly pine, and willow
oak.
Most open water consists of reservoirs, bays,
Open Water large ponds, canals, and the Gulf of Mexico, 6.3

although larger rivers are also mapped as open
water.

Dense stands of loblolly or mixed loblolly and
shortleaf pine characterize this type that is
mapped over moist soils where natural pine
Pine Plantation > 3 meters tall | stands are not expected to occur. Important 54.0
components may include sweetgum, water oak,
blackgum, southern red oak, post oak, and
white oak.

Young, planted loblolly pine stands are most
common within this type, which is mapped over
Pine Plantation 1 to 3 meters | moist soils where natural pine stands are not
tall expected to occur. Other species such as
sweetgum, water oak, winged elm, yaupon, and
southern dewberry may also be components.

6.2

Baldcypress may form nearly pure stands within
this mapped type. Other important species may
include water tupelo, green ash, overcup oak, 0.6
willow oak, water elm, common buttonbush, or
water hickory.

Pineywoods: Bottomland
Bald Cypress Swamp

Willow oak, overcup oak (east), sweetgum,
green ash, sugar hackberry, cedar elm, swamp
post oak, and American elm may be important in
this mapped type. Some wetter areas with water
elm and baldcypress also occur, and American
hornbeam is a common understory species.

Pineywoods: Bottomland
Seasonally Flooded
Hardwood Forest

0.7
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Alternative 3A
Common Name Description (acres)

Deciduous trees such as sweetgum, water oak,
sugar hackberry, green ash, willow oak,
blackgum, sycamore, black willow, and
American elm may be important in this mapped
type. American hornbeam, possumhaw and
winged elm are common understory species.

Pineywoods: Bottomland
Temporarily Flooded
Hardwood Forest

9.4

This mapped type includes many areas
dominated by introduced species such as
Bermudagrass, Bahia grass, and Johnsongrass.
Pineywoods: Disturbance or |Important components may also include little

Tame Grassland bluestem, broomsedge bluestem, and hog
croton, as well as shrubs such as yaupon and
southern dewberry and sparse trees such as
post oak and loblolly pine.

2.9

This mapped type includes many areas
dominated by introduced species such as
Bermudagrass, Bahia grass, and Johnsongrass.
Pineywoods: Dry Upland Important components may also include little

Hardwood Forest bluestem, broomsedge bluestem, and hog
croton, as well as shrubs such as yaupon and
southern dewberry and sparse trees such as
post oak and loblolly pine.

16.0

Loblolly pine managed forests with a hardwood
component characterize this type, but more
Pineywoods: Longleaf or |natural longleaf stands may occur in the south,
Loblolly Pine/Hardwood and slash pine managed forests also occur 43.0
Flatwoods or Plantation mainly in the south. Sweetgum, blackgum, water
oak, willow oak, and swamp chestnut oak are
common canopy trees.

Loblolly pine plantations predominate within this
mapped type. Relatively natural longleaf pine
Pineywoods: Longleaf or |stands may occur in the south, and slash pine
Loblolly Pine** Flatwoods or | plantations may also occur. Deciduous trees 82.0
Plantation such as laurel oak, willow oak, water oak,
sweetgum, swamp chestnut oak, and blackgum
may also be important.

Managed loblolly pine forests are most common
within this mapped type, and hardwoods such
as sweetgum, water oak, post oak, southern red
oak, and cedar elm are common co-dominant 1.4
species. Shortleaf pine is also a common
component and longleaf pine may dominate
some areas within its range (southeast).

Pineywoods: Pine/Hardwood
Forest or Plantation

Managed loblolly pine plantations and forests
predominate within this mapped type, and
species such as sweetgum, southern red oak,
Pineywoods: Pine Forest or |water oak, and post oak are common
Plantation components. Shortleaf pine is also common,
especially to the north or on drier sties, and
longleaf pine may be dominant in limited areas
within the range of this species (southeast).

73.0
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Common Name

Description

Alternative 3A
(acres)

Pineywoods: Sandhill Oak
Woodland

Blackjack oak, post oak, bluejack oak, sand
post oak, southern red oak, and sweetgum may
be among the dominant trees in this ridge and
hilltop type. Loblolly pine, shortleaf pine, and
longleaf pine (south) may be components.

0.8

Pineywoods: Sandhill Pine
Woodland

Shortleaf pine, loblolly pine, or longleaf pine
(south) may dominate this ridge or hilltop type,
and hardwoods such as post oak, blackjack
oak, bluejack oak, southern red oak, sand post
oak, and sweetgum are often components.

1.2

Pineywoods: Upland
Hardwood Forest

Hardwoods such as sweetgum, post oak,
southern red oak, and water oak may be
dominant within this mapped type, and loblolly
pine or shortleaf pine are common components.
Slightly wetter sites may contain species such
as white oak and willow oak as important
overstory trees.

76.0

Pineywoods: Wet Hardwood
Flatwoods**

Species such as willow oak, sweetgum, laurel
oak, water oak, swamp chestnut oak, and
overcup oak may be important in these
seasonally or temporarily flooded wetlands.
Loblolly pine or longleaf pine (south) may also
be present. Locally, Chinese tallow may
dominate some areas in the south, and dwarf
palmetto may form a dense understory in some
stands.

13.0

Swamp

Marsh land or wetlands

4.0

Urban Low Intensity

This type includes areas that are built-up but not
entirely covered by impervious cover, and
includes most of the non-industrial areas within
cities and towns.

0.8

The primary impact to vegetation resulting from site preparation and construction of the proposed
pumping facility, pipeline, and canal would be the removal of vegetation along Alternative 3A. All
vegetation within the project ROW would be cleared, resulting in direct impacts to approximately
1,050 acres of vegetative resources, potential wildlife habitat (terrestrial wetlands, woodlands,
pasturelands) or agricultural fields containing row crops.

After construction, habitat within the Alternative 3A ROW would be comprised of maintained grassland
and riverine habitat types (CESI 2012; Appendix O). Various mammal species and predatory bird
species would benefit from the edge habitat created by the maintained grassland; while the riverine
habitat would provide foraging habitat for wading birds. The riverine habitat would provide a fresh water
source to numerous bird, mammal, aquatic and semi-aquatic species.
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The Habitat Evaluation Procedure was developed in January 2012 to quantify the ecological value of the
Alternative 3A ROW and the proposed 3,000 acre mitigation area and the wildlife habitat available
(Appendix O) (CESI 2012). Based on the HEP conducted, the removal of existing vegetative and
aquatic habitat within the Alternative 3A ROW would decrease the habitat value of the area when
compared to the No Action Alternative. The total average annual habitat units (AAHUs) were calculated
to be 384.45 for the No Action Alternative and 190.96 for Alternative 3A. After construction and
implementation of Alternative 3A, the net loss quantified as AAHUs would be 193.51. Table 4-17
provides the AAHUs by vegetative and land use cover for Alternative 3A and the No Action Alternative
(CESI 2012).

Table 4-17:
Average Annual Habitat Units (AAHUS)
by Cover Type for Alternative 3A and No Action

Vegetation and Land Alternative 3A | No Action
Use/Land Cover' Description AAHU AAHU
Grasslands Grasslands are represented by improved Bermuda 159.51 76.02

grass (Cynodon dactylon) pastures that have
typically followed from forest clearing. Common
forbs include nettles (Solanum sp.), yankeeweed
(Eupatorium compostifolium), corn salad, and

goldenrod.
Agricultural Fields Areas actively used for the production of agricultural 8.35 106.26
(Cultivated Crops) goods including grain and forage crops. This class

also includes all land being actively tilled.
Upland Woodlands Areas dominated by trees generally greater than five 10.64 96.69
(Forest) meters tall and greater than 20 percent of total

vegetation cover. This area mostly includes
deciduous hardwood forests and some mixed
pine-hardwood forests.

Evergreen Forest (Uplands) | Areas dominated by juniper shrubland, longleaf or 10.24 93.06
loblolly pine/hardwood flatwoods or plantation forest

Bottomland Hardwood Forest| Bottomland hardwood forest typically associated with 1.04 9.45

(Deciduous Forested floodplains such that the dominant trees include

Wetlands) willow oak, overcup oak, American elm (Ulmus

americana), sweet gum (Liquidambar styraciflua),
sugar hackberry (Celtis laevigata), and water oak (Q.
nigra). Dominant plants in the shrub strata are often
small trees, such as those listed above, and include
water tupelo (Nyssa aquatica), deciduous holly (llex
decidua), and American beautyberry (Callicarpa
americana). Common vines in the bottomland
hardwood forest include green briar (Smilax spp.),
poison ivy (Toxicodendron radicans), trumpet creeper
(Campsis radicans), and Japanese honeysuckle
(Lonicera japonica), while common herbaceous
plants include lizard’s tail, sedges, goldenrod
(Solidago spp.), and smartweed.

Riverine Emergent, floating, and submergent aquatic 0.89 0.28
vegetation is noticeably absent from the Gillen
Bayou. Vegetation overhanging a stream channel
typically includes herbs and grasses such as sedges,
smartweed, and Indian sea-oats (Chasmanthium
latifolia). Tree and shrub species include planer-tree
(Planera aquatica), water oak, swamp privet
(Forestiera acuminata), and water tupelo (Nyssa
aguatica).
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Vegetation and Land Alternative 3A | No Action
Use/Land Cover* Description AAHU AAHU
Woody and Emergent Areas dominated by wetland or riparian plants, 0.22 2.04
Herbaceous Wetlands including emergent herbaceous vegetation.

Herbaceous wetlands dominated by wetland
obligates such as rushes, sedges, smartweed, and
lizard’s tail (Saururus cernuus). Common forbs
include goldenrod and morning glory (Ipomoea sp.).
Native grasses such as switch grass (Panicum
virgatum) and bluestems (Andropogon sp.) are
common.

Lacustrine Open water sites with less than 5 percent of the area 0.07 0.66
consisting of emergent vegetation with shrub and
tree cover also less than 5 percent

Total AAHUs 190.96 384.45

Source: CESI 2012. 'Vegetation and aquatic cover types evaluated in the HEP analysis were determined using data from the
TPWD's Ecological Systems Classifications of Texas project and not the NLCD 2006

The primary impact to vegetation resulting from site preparation and construction of the proposed
pumping facility, pipeline, and canal would be the removal of vegetation along Alternative 3A. All
vegetation within the project ROW would be cleared, resulting in direct impacts to approximately
1,050 acres of vegetative resources, potential wildlife habitat (terrestrial wetlands, woodlands,
pasturelands) or agricultural fields containing row crops.

After construction, habitat within the Alternative 3A ROW would be comprised of maintained grassland
and riverine habitat types (CESI 2012). Various mammal species and predatory bird species would
benefit from the edge habitat created by the maintained grassland; while the riparian habitat areas would
provide foraging habitat for wading birds. The riparian habitat areas would provide a fresh water source
to numerous bird, mammal, aquatic and semi-aquatic species.

46.7.3 Alternative 4

The area of direct influence for Alternative 4 for terrestrial vegetation and wildlife includes the proposed
alternative ROW including roads, pipeline, access roads, drainage ditches, pump and discharge stations,
sedimentation basin, maintenance facility and utility lines.

46.7.3.1  Evaluation Methodology

Vegetation and land cover types occurring within the Alternative 4 ROW were identified based on the
National Land Cover Database of 2006 (NLCD 2006). NLCD 2006 is a 16-class land cover classification
scheme for the conterminous United States that was developed at a spatial resolution of 100 feet. NLCD
2006 is based primarily on the classification of Landsat Enhanced Thematic Mapper+ (ETM+) circa 2006
satellite data. These data were used along with GIS analyses of aerial photography to determine the
vegetation/land cover types that would be directly affected by the construction of Alternatives 4.

46.7.3.2  Environmental Consequences

Alternative 4 is approximately 126,300 linear feet or 23.9 miles in length and would encompass
approximately 885 acres within a 300-foot wide ROW; additionally there would be approximately 90 acres
required for a pump station and approximately 10 acres required for a maintenance facility. Based on
NLCD 2006 data nine terrestrial vegetation types were identified within the Alternative 4 ROW as
described in Chapter 3. The existing habitat within the ROW of Alternative 4 is comprised of forested
areas, terrestrial wetlands, agricultural land, grazing land, and public land (road ROW). Potential impacts
including acres present in the ROW of Alternative 4 and the relative percentages are presented in

Table 4-18.
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46.7.4 Alternative 6

The area of direct influence for Alternative 6 for terrestrial vegetation and wildlife includes the proposed
ROW including roads, pipeline, access roads, drainage ditches, pump and discharge stations,
sedimentation basins, maintenance facility and utility lines.

46.74.1  Evaluation Methodology

Vegetation and land cover types occurring within the Alternative 6 ROW were identified based on the
National Land Cover Database of 2006 (NLCD 2006). NLCD 2006 is a 16-class land cover classification
scheme for the conterminous United States that was developed at a spatial resolution of 100 feet. NLCD
2006 is based primarily on the classification of Landsat Enhanced Thematic Mapper+ (ETM+) circa 2006
satellite data. These data were used along with GIS analyses of aerial photography to determine the
vegetation/land cover types that would be directly affected by the construction of Alternative 6.

46.74.2  Environmental Consequences

Alternative 6 is approximately 114,200 linear feet or 21.6 miles in length and would encompass
approximately 725 acres within a 300-foot wide ROW; additionally there would be approximately 90 acres
required for a pump station and approximately 10 acres required for a maintenance facility. Based on
NLCD 2006 data nine terrestrial vegetation types were identified within the Alternative 4 ROW as
described in Chapter 3. The existing habitat within the ROW of Alternative 4 is comprised of forested
areas, terrestrial wetlands, agricultural land, grazing land, and public land (road ROW). Potential impacts
including acres present in the ROW of Alternative 4 and the relative percentages are presented in

Table 4-18 below.

Table 4-18: Vegetation and Land Use/
Land Cover Data for the Alternatives 4 and 6 ROW

Alternative 4 Alternative 6

Land Cover Type

Acres | Percent | Acres | Percent

Cultivated Crops 97.0 11.0 116.9 16.1
Deciduous Forest 28.4 3.2 21 0.3
Developed, Low Intensity 3.3 0.4 20.1 2.8
Developed, Medium Intensity 0.0 0.0 1.6 0.2
Developed, Open Space 33.9 3.8 35.7 4.9
Emergent Herbaceous Wetlands 4.0 0.5 4.8 0.7
Evergreen Forest 58.0 6.5 15.2 21
Grassland, Herbaceous 36.2 4.1 48.5 6.7
Mixed Forest 16.6 1.9 18.3 25
Open Water 2.8 0.3 4.3 0.6
Pasture, Hay 318.6 36.0 241.7 33.3
Shrub, Scrub 47.4 5.3 18.1 2.5
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Alternative 4 Alternative 6
Land Cover Type

Acres Percent | Acres Percent

Woody Wetlands 239.2 27.0 197.9 27.3

Total Acres 885.4 725.1

Source: NLCD 2006

4.6.7.5 Reduction of Potential Impacts

For reduction of unavoidable impacts to the approximately 203 acres of aquatic resources identified within
the Alternative 3A ROW, compensatory mitigation would be required by the U.S. Army Corps of
Engineers (USACE) to replace the ecological functions and services provided by these aquatic resources.
An approximately 3,000 acre parcel of land has been identified for compensatory mitigation using
preservation. The Applicant’s proposed mitigation property is located adjacent to the Trinity River and
surrounds the northeastern portion of the Alternative 3A ROW near the CRPS. The Applicant’s proposed
mitigation property contains two unique topographical features: Capers Ridge and Gillen Bayou. Capers
Ridge is an isthmus of high ground that protrudes into the floodplain of the Trinity River and is
approximately 75 feet higher in elevation than the surrounding floodplain. Gillen Bayou is a perennial
water body that flows to the east through the southeastern portion of the Applicant’s proposed mitigation
property.

The habitats located on the Applicant’s proposed mitigation property include deciduous and mixed
hardwood forested wetlands, bottomland hardwood forests, emergent wetlands, deciduous and
evergreen forested uplands, maintained grassland, and fallow pastureland. The Applicant’s proposed
mitigation property was acquired by Coastal Water Authority (CWA) in 2010 to provide compensation for
unavoidable impacts to aquatic resources through preservation. The majority of the Applicant’s proposed
mitigation property is forested. An area in the southeastern portion of the site has been previously
cleared and used as pasture and grazing lands for several decades. Grazing activities have ceased
subsequent to CWA acquisition of the property and the pastureland is currently fallow and undergoing
succession towards scrub-shrub habitat. Activities of previous landowners have altered the landscape of
portions of the Applicant’s proposed mitigation property, including clearing of the Trinity River floodplain
(pastureland along Gillen Bayou), drainage improvements, timber harvesting activities, hunting, oil and
gas exploration, and cattle grazing. Prior to acquisition by the CWA, the compensatory Applicant’s
proposed mitigation property was also subject to the threat of imminent residential land development and
clearing of timber resources by the previous property owners. Compensatory mitigation through
preservation of the Applicant’s proposed mitigation property would remove the threat of land development
and timber activities from the site in perpetuity.

The HEP analysis concluded that the existing vegetative and aquatic habitat within the Applicant 3A
mitigation property was similar in habitat value when compared to the No Action Alternative. Based on
the HEP analysis conducted, the proposed mitigation property AAHUs were calculated to be 1,413.64 for
the No Action Alternative scenario and 1,466.93 for the “with project” scenario (Alternative 3A), resulting
in a 53.29 net gain in AAHUs (Table 4-17).
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Table 4-18:
Average Annual Habitat Units by
Cover Type within the Proposed Mitigation Property

Cover Types within the Proposed Mitigation Propertyl With Project AAHUs No Action AAHUs
Deciduous Forest (Uplands) 283.45 284.64
Deciduous Forest (Wetlands) 470.43 360.15
Evergreen Forest (Uplands) 690.84 691.60
Grasslands 12.69 12.78
Herbaceous Wetlands 9.52 64.47

Total AAHUs 1,466.93 1,413.64

Source: CESI 2012.
Vegetation and aquatic cover types evaluated in the HEP analysis were determined using data from the TPWD's Ecological
Systems Classifications of Texas project and not the NLCD data (2006).

4.6.8 Endangered, Threatened, and Candidate Species, Species of Special
Concern, and Sensitive Communities

The area of direct influence for the proposed action alternatives for threatened and endangered species
includes the potential location for the ROW including roads, pipeline, canal with access roads and
fencing, pump and discharge stations, sedimentation basin, maintenance facility and utility lines,
proposed mitigation property as well as the lower Trinity River, Lake Livingston, Lake Houston, and
Galveston Bay.

The Federal- and State-listed reptile and amphibian species are discussed in Chapter 3.8, Threatened
and Endangered Species. Habitat requirements for each were reviewed against the existing
vegetation/land cover types and habitat within the project area. The TPWD NDD was reviewed to
determine the likelihood that a species could potentially be impacted by the proposed project activities

In October 2009, a threatened and endangered species study was developed for the Alternative 3A
project area (CESI 2009, Appendix D). Analysis/characterization of habitat and habitat impacts, species
specific habitat analysis/characterization, and presence/absence surveys for threatened and/or
endangered species were performed in a manner consistent with standard methodologies. Both the
USFWS and the TPWD threatened and endangered species lists were reviewed prior to the study.

The USFWS and TPWD were consulted to determine whether the proposed project would affect federally
or state listed endangered, threatened, proposed, or candidate plants or animal species. An impacts
discussion was included for species whose habitat requirements are found within Alternative 3A ROW.
Pedestrian surveys were performed by qualified biologists for the entire ROW. Bird surveys for
Alternative 3A ROW were performed by a local bird expert and the findings are provided below
(McFarlane 2009 and 2010).

Six species were identified that may be affected, but not adversely affected by the construction,
operation, and maintenance activities associated with Alternative 3A (CESI 2009). These species include
the Louisiana black bear, Plains spotted skunk, Southeastern myotis, alligator snapping turtle, Louisiana
pine snake, and timber/canebrake rattlesnake. These species use a variety of habitat types and no long
term impacts to these species are anticipated.
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Evaluation of Alternatives 4 and 6 was performed based on the TPWD NDD and data provided during site
visits that were conducted for Alternative3A. Site-specific investigations were not perfomed for
Alternative 4 and Alternative 6.

46.8.1 Mammals

The area of direct influence for Alternative 3A for threatened and endangered mammal species includes
the lower Trinity River, Lake Livingston, Lake Houston, area agricultural reservoirs, and the Alternative 3A
ROW including roads, pipeline, canal, pump and discharge stations, sedimentation basin, maintenance
facility, proposed mitigation property, and utility lines.

The Federal- and State-listed mammal species are discussed in Chapter 3.8, Threatened and
Endangered Species, and habitat requirements for each species were reviewed against the existing
vegetation/land cover types and habitat within the project area. The TPWD NDD was reviewed to
determine the likelihood that a species potentially could be impacted by the proposed project activities.

46811  NoAction

Under the No Action Alternative, the proposed project would not be constructed or operated. As a result,
no construction activities would occur and there would be no impact to threatened and endangered
mammalian species that inhabit the existing area or the preferred habitats, likewise, there would be no
impacts to the vegetative habitat or to the TPWD species with the concern or rare status.

46.8.1.2 Alternative 3A, Alternative 4 and Alternative 6

Based on the review of required and existing habitat within the project area, there are three threatened
and endangered mammal species that could potentially be impacted by the construction, operation, and
maintenance activities associated with Alternatives 3A, 4, and 6. These include the black bear, the
Louisiana black bear, and the Rafinesque’s big-eared bat.

The black bear and the Louisiana black bear are listed as possible transients in Liberty County and are
known to inhabit bottomland hardwoods and large tracts of inaccessible forested areas. Sub-optimal
habitat for this species is present within the bottomland hardwood forest along the Trinity River in the
vicinity of the project. The habitat for this species within the project area is confined within an area
designated to remain undisturbed and be incorporated into and managed by the TRNWR. No black
bears were observed within the proposed project area during the field surveys and no occurrences of
black bears are recorded in the TPWD NDD. The construction, operation and maintenance related
activities of the proposed project would have no effect on the black bear or Louisiana black bear.

The Rafinesque’s big-eared bat roots in tree cavities in bottomland hardwoods, concrete culverts, and
abandoned man-made structures. Habitat for this species is present within the hardwood forests along
the project alignment. No Rafinesque’s big-eared bats were observed within the proposed project area
during the field surveys and no occurrences of Rafinesque’s big-eared bats are recorded in the TPWD
NDD. Due to construction and the clearing of vegetation, the proposed project may impact foraging and
nesting habitat of this bat species.

Permanent impacts to wildlife habitat that would result from the proposed action alternatives include a
cleared 300-foot wide ROW for the length of each alternative which will be continually mowed and
maintained, the decreased attractiveness of habitat adjacent to the project corridor. Temporary impacts
include possible disturbances to normal behavior patterns of wildlife as a result of increased noise levels
from construction activities.
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No state or federally listed threatened, endangered, or species of concern were observed within the
Alternative 3A project area during the field studies conducted in 2009 (CESI 2009, Appendix D). TPWD
provided Element of Occurrence data stating that the listed Rafinesque’s big-eared bat occurs within 10
miles of the Alternative 3A project area. The study indicated that construction-related project activities
may affect, but are not likely to adversely affect this bat species.

The construction of Alternatives 3A, 4 and 6 would result in direct, long-term impacts on wildlife habitat,
including habitat loss through its conversion to surface water conveyance infrastructure and maintained
ROW. Wildlife in the project area has and would continue to be dominated by species that are better able
to adapt to a disturbed physical environment and could tolerate possible disturbances from the proposed
project. Although construction of the build alternative would remove and/or convert habitat and therefore
displace wildlife in certain areas, habitat loss and the resulting effects on wildlife would be expected to be
minor. Impacts to habitat used by local wildlife would be limited to the proposed action alternatives ROW.

4.6.8.2 Reptile and Amphibians

The area of direct influence for the proposed action alternatives for threatened and endangered reptiles
and amphibians includes the lower Trinity River, Lake Livingston, Lake Houston at the discharge location
near the confluence with Luce Bayou, and Galveston Bay.

46.8.2.1 No Action

Under the No Action Alternative, the proposed project would not be constructed or operated. As a result,
no construction activities would occur and there would be no impact to threatened and endangered
reptilian or amphibian species that inhabit the existing area or the preferred habitats, likewise, there would
be no impacts to the vegetative habitat or to the TPWD species with the concern or rare status.

46.8.2.2 Alternative 3A, Alternative 4 and Alternative 6

Based on the review of required and existing habitat within the project area, there are three threatened
and endangered reptile and amphibian species that could potentially be impacted by the construction,
operation, and maintenance activities associated with Alternatives 3A, 4 and 6. These species were also
identified as those that may be affected, but not adversely affected by the construction, operation, and
maintenance activities associated with Alternative 3A (CESI 2009). These species include the alligator
snhapping turtle, Louisiana pine snake, and timber/canebrake rattlesnake. These species use a variety of
habitat types and no long term impacts to these species are anticipated.

4.6.8.3 Birds

The area of direct influence for the proposed action alternatives for threatened and endangered bird
species includes the lower Trinity River, Lake Livingston, Lake Houston, agricultural reservoirs, and the
action alternatives ROW including roads, pipeline, canal, pump and discharge stations, sedimentation
basin, maintenance facility, proposed mitigation property, and utility lines.

The Federal- and State-listed birds species are discussed in Section 3.8, Threatened and Endangered
Species, and habitat requirements for each species were reviewed against the existing vegetation/land
cover types and habitat within the project area. The TPWD Natural Diversity Database (NDD) was
reviewed to determine the likelihood that a species could potentially be impacted by the proposed action
alternatives activities.

46.8.3.1 No Action

Under the No Action Alternative, the proposed project would not be constructed or operated. As a result,
no construction activities would occur and there would be no impact to threatened and endangered
species including birds, fish, freshwater mussel species, mammals, reptiles, amphibians, or vegetation
communities that inhabit the existing area or the preferred habitats, likewise, there would be no impacts to
the vegetative habitat or to the TPWD species with the concern or rare status.
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46.8.3.2 Alternative 3A, Alternative 4, Alternative 6

Ten bird species that could potentially be impacted by the construction, operation and maintenance of the
proposed action alternatives include the peregrine falcon, Bachman'’s sparrow, bald eagle, brown pelican,
whooping crane, piping plover, red-cockaded woodpecker (RCW), swallow-tailed kite, white-faced ibis,
and wood stork.

With the exception of the Bald Eagle and the Swallow-Tailed Kite as detailed in Chapter 3, there is no
suitable habitat identified for any rare, threatened, or endangered bird species within the LBITP area for
Alternative 3A and is unlikely in the ROW of Alternatives 4. Implementation of Alternative 4 would not be
expected to directly and permanently impact terrestrial bird species given that monitoring for the presence
of these species will occur prior to planned construction.

4684 Fish and Freshwater Mussels

The area of direct influence for Alternative 3A, Alternative 4 and Alternative 6 for threatened and
endangered fish and freshwater mussels includes the potential location for the proposed alternatives,
including the lower Trinity River, Lake Livingston, Lake Houston at the discharge location near the
confluence with Luce Bayou, and Galveston Bay.

The Federal- and State-listed fish and freshwater water mussel species are discussed in Chapter 3.8,
Threatened and Endangered Species, and habitat requirements for each were reviewed against the
existing vegetation/land cover types and habitat within the project area, and the TPWD NDD were
reviewed to determine the likelihood that a species potentially could be impacted by the proposed action
alternatives.

46.84.1 Alternative 3A, Alternative 4, Alternative 6

According to studies conducted, mussels that inhabit the lower Trinity River and Lake Houston are not
known to include rare unionid species currently being considered for State or Federal listing

(Howells 2009). According to investigations conducted, Alternative 3A, Alternative 4 and Alternative 6
would not be expected to have direct impacts on mussel species that are candidates for State or Federal
listing or to pose major threat to existing unionid populations.

Impacts to fish and freshwater mussels can occur from construction within the watershed, such as
dredging, trenching, or soil and fill runoff. Effects from such activities include excessive sedimentation,
changes in water flow and speed, and exposure from clearing out debris where mussels might take
shelter. The construction of the proposed pumping station and outflow would require construction
activities within the Trinity River and the backwaters of Lake Houston near Luce Bayou. Freshwater
mussels and benthic species located at these locations would likely be removed. After construction and
water is returned, benthic organism and mussels would likely recolonize the area.

Impacts to freshwater mussels are also known to occur from the introduction of exotic bivalves, such as
Asian clams or zebra mussels. The Fish and Freshwater Mussels section of this chapter provides
detailed information on mussel studies conducted for the proposed project and the potential risks
associated with zebra mussels.

Pumping at the CRPS and TRPS could impinge larger fish on intake screens, and entrain fish eggs and
mussel larvae through the transfer system. The proposed project would utilize a trash rack and screening
that would impact aquatic species that could potentially get caught and trapped. Although there would be
a risk of impingement and entrainment on the pump intake screens at the Capers Ridge Pump Station,
during typical pumping operations, the intake screen design would control approach velocities at the
Trinity River intake structure. During normal flow conditions, the intake approach velocities would be
approximately 0.4 feet/second (ft/sec). The anticipated approach velocity would be expected to reduce
the effect of the action alternatives on fish and nekton of the Trinity River. In addition, the proposed
intake screens would be constructed in the banks of the channel. The location of these screens within
the channel bank also could potentially reduce the risk of entrainment.
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The screens would be designed to allow smaller- to medium-sized organisms to pass through, which
would reduce mortality on nektonic species that may be incidentally discharged into Alternative 3A
conveyance channel canal.

46.85 Plants

The area of direct influence for Alternative 3A for threatened and endangered plants includes the potential
location for the Alternative 3A ROW and the lower Trinity River, Lake Livingston, Lake Houston at the
discharge location near the confluence with Luce Bayou, and Galveston Bay.

The Federal- and State-listed plants species discussed in Chapter 3.8, Threatened and Endangered
Species, and habitat requirements for each were reviewed against the existing vegetation/land cover
types and habitat within the project area, and the TPWD NDD were reviewed to determine the likelihood
that a species potentially could be impacted by the proposed project activities.

46.85.1  Alternative 3A, Alternative 4, and Alternative 6

The Texas Prairie Dawn is State and Federally-listed as endangered in Harris County. This plant is found
in sparsely vegetated, open grasslands with fine sandy compacted saline soil in poorly drained
depressions around natural mima (pimple) mounds (USFWS 1989). Field investigations revealed that the
Texas Prairie Dawn does not occur within the proposed ROW and that soil conditions have been altered
making them unsuitable to support this plant species. The proposed action alternatives would have no
impact on the Texas Prairie Dawn plant.

4.6.8.6 TPWD’s Species of Concern/Rare Species

The area of direct influence for Alternative 3A for threatened and endangered plants includes the potential
location for the Alternative 3A ROW and the lower Trinity River, Lake Livingston, Lake Houston at the
discharge location near the confluence with Luce Bayou, and Galveston Bay.

The State-listed plant and wildlife species were discussed in Section 3.8, Threatened and Endangered
Species and habitat requirements for each were reviewed against the existing vegetation/land cover
types and habitat within the project area, and the TPWD NDD was reviewed to determine the likelihood
that a species potentially could be impacted by the proposed action alternatives.

46.8.6.1 Alternative 3A, Alternative 4, and Alternative 6

Suitable habitat occurs within the proposed project ROW to support seven TPWD species listed with
concern or rare status. These species include: Henslow’s sparrow, mountain plover, American eel, Gulf
Coast clubtail fish, plains spotted skunk, southeastern myotis bat, and Texas meadow-rue. Suitable
habitat within the ROW would be removed during construction resulting in species being forced to move
to adjacent habitats or, potentially, less mobile species could be eliminated. No rare species were
identified during the field investigations and no known occurrences are documented in the vicinity of the
proposed project in TPWD’s NDD.

4.6.8.7 Reduction and Mitigation of Potential Impacts

Mitigation is typically species specific and is therefore addressed by species category identified below in
the following subsections of this DEIS.

46.8.7.1  Birds

The Alternative 3A alignment was changed through the agricultural fields and now avoids a reservoir with
a rookery in the northern portion of Parcels 28 through 32. This new alignment bypasses the reservoir,
thereby eliminating unavoidable impacts to this reservoir that would have reduced its volume capacity and
disturbed the ecological value of this site as a wading bird rookery. During the construction of the
proposed project, qualified biologists would inspect the area for occurrences of threatened and/or
endangered bird species; including migratory bird species.
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4.6.8.7.2  Fish and Freshwater Mussel Species

Monitoring at the proposed pump station would occur during operation and maintenance to determine if
the new pump station has measureable effect on the recreational fish species. In addition, monitoring at
the discharge point at Lake Houston near the Luce Bayou confluence would be conducted to determine
the success rate of recreational fish species re-inhabiting the area.

Mitigation measures to consider for the zebra mussel include establishing monitoring procedure at the 11
stations examined in the San Jacinto and lower Trinity River watersheds along with stations in
Lake Conroe, Lake Livingston, and Lake Houston (McMahon 2012).

46.8.7.3 Mammals

During the construction of the proposed project, qualified biologists would be on site to monitor for
mammal species activity.

46.8.7.4  Reptiles and Amphibians

During the construction of the proposed project, qualified biologists would be on site to monitor for reptile
or amphibian species activity.

46.8.75 Plants

Because the soils within the proposed project area are unsuitable to support the Texas prairie dawn plant
and no impacts would occur to this species, no mitigation is proposed for this plant species.

46.8.76  Species of Concern/Rare Species

During the construction of the proposed project, qualified biologists would be on site to monitor for wildlife
species activity.

4.6.9 Nuisance, Exotic and Invasive Species

4.6.9.1 Federal Regulations

Under the Aquatic Nuisance Prevention and Control Act of 1990 (Act), the Aquatic Nuisance Species
Task Force (16 U.S.C. 4721) was authorized. The Aquatic Nuisance Species Task Force (Task Force)
was mandated to develop and implement a program to prevent introduction and dispersal of aquatic
nuisance species; to monitor, control and study such species; and, to disseminate related information (16
U.S.C. 4722). The Assistant Secretary of the Army (Civil Works) was empowered by this Act to direct the
Task Force and to develop a program of research and technology development for controlling zebra
mussels in and around public facilities and to collect and make public information related to methods of
control of zebra mussels and other nuisance species. The Act stated that the Assistant Secretary [Civil
Works] would review proposed public facility management plans for requirements to reduce infestations
of zebra mussels and approve the management plans if they meet the requirements specified in the Act
(16 U.S.C. 4724).

Zebra mussels have been recently discovered in the Trinity River basin above Lake Lavon, Texas and
are thought to have been transferred from Lake Texoma. Lake Texoma is a reservoir constructed by the
USACE on the Red River that was operational in 1944. The Red River forms the state boundary between
Texas and Oklahoma. It is thought that the zebra mussels reached Oklahoma from barge traffic through
the Mississippi River and Arkansas River systems. Invasive species controls by the USACE Fort Worth
and Tulsa Districts have been implemented to control the spread of the zebra mussel in Lake Texoma
and upstream of Lake Lavon. Lake Lavon is the headwaters of the Trinity River and is located
approximately 400 miles upstream of the proposed LBITP project.
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A September 10, 2010 article in the Dallas Morning News chronicled the efforts of Texas Parks and
Wildlife Department (TPWD) technicians to eradicate zebra mussels from West Fork Sister Grove Creek
where the outfall structure is located that discharges water from Lake Texoma to Lake Lavon. Atthe
outfall structure, the West Fork Sister Grove Creek is an intermittent to perennial stream with no public
access. Pumping of water from Lake Texoma has ceased at the request of the USACE. As of December
8, 2010, the North Texas Water Supply District that obtains water from Lake Texoma has requested that
additional water from Lake Ray Hubbard and Lake Sam Rayburn be available since water from Lake
Texoma is still unusable due to zebra mussel concerns.

The TPWD has been working with local, state and Federal agencies to develop a plan for dealing with the
zebra mussel. During sampling activities conducted by the TPWD in October 2009, no evidence of an
active population of zebra mussels in Lake Lavon, (headwaters of the Trinity River, downstream of Lake
Texoma on the Oklahoma-Texas border), was identified. However, the USACE Tulsa District and the
TPWD are continuing the monitoring of these organisms in areas downstream of Lake Texoma.

The TPWD worked with an inter-agency group comprised of the Texas Commission on Environmental
Quality (TCEQ), Texas Department of Agriculture (TDA) and the U.S. Environmental Protection Agency
(EPA) to obtain the necessary permits and approvals to treat West Fork Sister Grove Creek upstream of
Lake Lavon in October 2010. The treatment plan took several months to develop. Different eradication
options and chemicals were considered and the creek was surveyed and the hydrology measured. The
TPWD used potassium chloride (KCI), a chemical used to soften water and a natural component of
human diet, in their effort to eradicate zebra mussels from West Fork Sister Grove Creek. The target
concentration of KCl was 175 parts per million (ppm), a concentration sufficient to kill zebra mussels, but
well below the 250 ppm allowed by the EPA in public drinking water supplies. After the water from the
creek reached Lake Lavon, it was diluted and the concentration of KCl was even lower. Potassium does
not harm other species, but appears to kill zebra mussels by interfering with the ability of their gills to take
in oxygen from the water.

There is a general acknowledgement that there is a lack of large-scale, effective means to control the
spread of invasive species, specifically zebra mussels, in water systems after their introduction. This is
related in part to the passive nature of the dispersal of these species. At this time, although not
succeeding based on recent reports (Dallas News dated July 2012), containment is generally
acknowledged to be the best defense for invasive species control.

4.6.9.2 Reduction and Mitigation of Potential Impacts

46.9.2.1 Zebra Mussels

Mitigation measures for the zebra mussel may include establishing monitoring procedures at the

11 stations examined in the San Jacinto and Lower Trinity River watersheds along with stations in Lake
Conroe, Lake Livingston, and Lake Houston (McMahon 2012). Appendix P includes the Luce Bayou
Interbasin Transfer Project Zebra Mussel Control Plan, which outlines methods for the reduction of
potential impacts if and when zebra mussels become a problem for the LBITP. An effective plan would
include a multi-barrier approach using a variety of control measures at different facility locations.

46922 Giant Salvinia

Giant salvinia salvinia is a non-native aquatic plant that grows rapidly through vegetative reproduction and
is tolerant of environmental stress, thereby making it an aggressive species competing with native aquatic
vegetation and ecosystems. Giant salvinia is known to occur in both the San Jacinto River and Trinity
River watersheds. It is reported to be in Lake Conroe and Sheldon Reservoir. Large infestations have
not affected Lake Houston, but the Coastal Water Authority is aware of infested areas outside of Lake
Houston. The CWA has staff trained in the identification and treatment of giant salvinia. The proposed
water conveyance canal could provide a pathway for the incidental movement of giant salvinia from the
Trinity River to Lake Houston, but since the plant is already present in both watersheds, the conveyance
canal would not be the cause or the reason for the introduction of giant salvinia into the San Jacinto River
watershed. Because of the physical characteristics of the aquatic habitat at the proposed Trinity River
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pump station site, and the filtering capacity and function of the intake screens, the potential for the
incidental transfer of aquatic vegetation would be minimal. However, the CWA is keenly aware of the
extremely invasive character of giant salvinia; has developed monitoring and control procedures for other
projects; and understands that early identification and treatment are paramount to control the spread of
the plant. The CWA will develop and incorporate physical and/or chemical measures, as appropriate, into
its management plan for the operation and maintenance of the conveyance canal to control giant salvinia.

Because of the physical characteristics of the aquatic habitat at the proposed CRPS, and the filtering
capacity and function of the intake screens, the potential for the incidental transfer of aquatic vegetation
would be minimal. However, the CWA is keenly aware of the extremely invasive character of giant
salvinia, has developed monitoring and control procedures for other projects, and understands that early
identification and treatment are paramount to control the spread of the plant. The CWA will develop and
incorporate physical and/or chemical measures, as appropriate, into its management plan for the
operation and maintenance of the conveyance canal to control giant salvinia.

4.7 Land Use and Recreation

Major metropolitan areas such as Houston and Dallas are dealing with projected population and land use
growth. Geographic based evaluation of land use change can be understood based on the land use
history, population data, timelines of historical events, and related information. Population data can be
correlated to a temporal geographic data and population growth suggests economic growth and the
availability of jobs in an area; similarly, population declines suggest a decline in livability or economic
issues. Timelines of past events and other historical compilation aid in identifying the issues that may
have affected and may continue to affect development of an area or region.

In addition to population statistics and historical land use information, a physiographic analysis can
identify how these factors affect land use and land use changes. Topographic features, climate, and
adequate supplies of water and other natural resources can limit or encourage growth and change. The
existence and accessibility of transportation routes have often guided or influenced urban growth. The
dependence of populations on the private automobile has resulted in the expansion of development at the
margin or fringe of urban areas. As road networks expanded and became more complicated, urban
development has followed. As in the past, recent urban development and population growth has
occurred along transportation corridors.

47.1 No Action

As part of No Action, the proposed project would not be constructed or operated and water would not be
withdrawn from the Trinity River for municipal water supply. In addition, land acquired for the proposed
LBITP and described as woody wetlands, cultivated crops, pasture/hay, mixed, evergreen, or deciduous
forest, or open water would not be preserved as part of the proposed mitigation plan (Chapter 6) or
converted to public use (i.e., the area needed to implement the LBITP).

4.7.2 Alternative 3A

The area directly influenced by Alternative 3A for land use includes the potential location for the
Alternative 3A ROW. Creating a route for a water conveyance system would require that the Applicant
acquire land to maintain the system ROW. Agricultural, open space or timberland would be converted
from current ownership to public use through property acquisition. The predominantly privately-owned
land within the proposed ROW of the canal alignment would be converted to public use and would lose
the current value it might possess for agricultural or timber production.
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All components of Alternative 3A would be located in a sparsely populated, rural area of Liberty County
and northeastern Harris County, Texas. The cities of Huffman and Dayton and the town of Kenefick are
in the vicinity of the project. Table 4-19 summarizes the property parcels traversed by Alternative 3A, the
parcel identification number, the size of each property by parcel number, the parcel acres to be taken by
Alternative 3A, and the percent of each parcel that would be acquired within the proposed ROW.
Excluding mitigation property, two parcels totaling approximately 15.34 acres would be acquired in total
(100 percent) for implementation of Alternative 3A. The remaining percent of the approximate 49 parcels
would be acquired by percentage estimates that range from 39 to less than 1 percent of the total acreage
within each parcel. The median acquisition percentage by parcel for the remaining 49 parcels within
Alternative 3A ROW is approximately 14 percent.

Construction, operation, and maintenance of Alternative 3A would permanently convert approximately
1,050 acres of land described as woody wetlands, cultivated crops, pasture/hay, mixed, evergreen or
deciduous forest, or open water land use to public water utility use. The percent change in land use in a
parcel-by-parcel basis and total for Alternative 3A are summarized in Table 4-19.

For Alternative 3A, 1,050 acres of land would be the minimum amount needed to construct and operate
the proposed project. Alternative 3A in Harris County and Liberty County is located in areas without
zoning regulations or restrictions. Land use in residential areas may be subject to deed restrictions and
homeowner association requirements, although Alternative 3A area is relatively sparsely populated with
limited residential development. Mineral, sand and gravel, hunting, agricultural and other leases may be
associated with specific parcels within Alternative 3A ROW. There would be a direct, significant public
benefit that would occur to change from private to public ownership of the 1,050 acres needed for the
implementation of Alternative 3A. The construction, operation, and maintenance of Alternative 3A would
not affect or be impacted by land use controls or zoning.

Table 4-19:
Percentage Change of Land Use, Estimated Acreage and
Percent Impact by Parcel Intersecting Alternative 3A

pParcel Area Alternative 3A Project | Percent Change of
Parcel No. (acres) Area Land Use (Percent
(acres) Impact)
1 90.50 48.27 53.34
4 1,175.38 70.31 5.98
45 1,047.99 61.40 5.86
6 481.41 14.64 3.04
6 157.15 20.38 12.97
7 2,045.55 61.75 3.02
8 1,041.75 17.21 1.65
9 76.81 6.20 8.07
10 730.48 30.08 4.12
11 19.22 0.18 0.95
12 296.60 24.93 8.40
13 918.20 2.70 0.29
14 53.53 16.18 30.22
15 3.83 0.95 24.71
16 7.59 3.49 46.02
17 14.84 4.96 33.39
19 128.02 10.07 7.87
20 52.89 3.39 6.40
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Parcel Area Alternative 3A Project | Percent Change of
Parcel No. (acres) Area Land Use (Percent
(acres) Impact)
21 71.51 16.79 23.48
22 32.68 12.76 39.03
23.2 879.06 83.61 9.51
23.4 527.80 9.28 1.76
25.2 30.61 14.78 48.29
254 6.04 0.34 5.70
254 6.01 0.34 5.73
25.6 627.86 35.88 5.72
27 49.94 11.88 23.79
28 31.69 3.63 11.45
29 31.72 3.62 11.42
30 26.50 3.02 11.41
31 20.03 2.27 11.35
32 28.21 2.26 8.02
33 449.75 44.06 9.80
375 355.94 23.56 6.62
39.2 11.61 6.55 56.41
39.2 6.76 4.07 60.17
39.4 34.68 1.74 5.03
39.6 86.99 9.76 11.21
39.6 24.93 4.43 17.76
39.6 10.01 1.78 17.76
39.6 86.03 9.65 11.21
39.8 100.63 27.65 27.47
40.5 249.73 32.37 12.96
41 46.75 11.72 25.07
42 200.36 30.96 15.45
43.1 198.87 19.73 9.92
43.2 22.47 2.37 10.53
43.3 253.07 26.63 10.52
43.4 0.92 0.58 63.73
43.5 0.93 0.65 69.78
44 962.10 17.56 1.83
44.5 2.74 0.48 17.71
45 18.02 5.37 29.78
46 11.99 3.22 26.87
46.5 8.72 1.52 17.45
48 11.85 11.85 99.96
49 11.83 3.91 33.09
50 390.31 61.98 15.88
51 32.58 9.90 30.38
52 79.63 22.87 28.72
53 26.86 7.87 29.31
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Alternative 3A Project

Percent Change of

Parcel No. Area Land Use (Percent
(acres)
(acres) Impact)
54 1.28 0.17 13.23
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Parcel Area Source: National Land Cover Database (2006) (also see Appendix R)

4.7.3 Alternative 4

Construction, operation, and maintenance of Alternative 4 would permanently convert approximately
985 acres of land described as woody wetlands, cultivated crops, pasture/hay, mixed, evergreen, or
deciduous forest, or open water land use to public water utility use. The percent change in land use in a
parcel-by-parcel basis and total for Alternative 4 are summarized in Table 4-20.

For Alternative 4, approximately 985 acres of land would be the minimum amount needed to construct
and operate the proposed project. Alternative 4 in Harris County and Liberty County is located in areas
without zoning regulations or restrictions. Land use in residential areas may be subject to deed
restrictions and homeowner association requirements, although Alternative 4 area is relatively sparsely
populated with limited residential development. Mineral, sand and gravel, hunting, agricultural and other
leases may be associated with specific parcels within Alternative 4 ROW. There would be a direct,
significant public benefit that would occur to change from private to public ownership of the 985 acres
needed for the implementation of Alternative 4. The construction, operation, and maintenance of
Alternative 4 would not affect or be impacted by land use controls or zoning. The percent change in land
use in a parcel-by-parcel basis and total for Alternative 4 are summarized below.

Table 4-20:
Percentage Change of Land Use, Estimated Acreage and
Percent Impact by Parcel Intersecting Alternative 4

Parcel Area Altgrnative 4 Percent Change
Parcel No. (acres) Project Area of Land Use
(acres) (Percent Impact)
1 90.50 20.81 22.99
2 841.73 0.50 0.06
3 1,175.42 36.30 3.09
4 1,048.03 38.46 3.67
5 500.69 2.64 0.53
6 638.60 32.21 5.04
7 2,045.71 41.67 2.04
8 1,041.82 17.23 1.65
9 21.28 1.64 7.69
10 76.82 4.20 5.46
11 19.22 1.88 9.79
12 730.55 19.55 2.68
13 296.63 5.24 1.77
14 918.29 9.93 1.08
15 73.84 6.83 9.25
16 153.52 4.47 2.91
17 5.78 0.30 5.16
18 10.31 3.71 36.00
19 4.24 0.14 3.20
20 97.53 9.61 9.85
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Parcel Area Alte_rnative 4 Percent Change
Parcel No. (acres) Project Area of Land Use
(acres) (Percent Impact)
21 3.52 0.01 0.17
22 1.11 0.00 0.43
23 2.02 0.30 14.78
24 34.11 5.44 15.95
25 132.89 7.54 5.67
26 245.35 19.99 8.15
27 246.68 6.14 2.49
28 80.08 12.68 15.84
29 10.60 0.91 8.58
30 9.45 0.54 5.68
31 11.09 0.03 0.24
32 1,232.26 16.35 1.33
33 233.96 18.99 8.11
34 67.69 7.14 10.55
35 29.77 1.24 4.15
36 9.34 0.42 4.52
37 25.38 0.00 0.01
38 24.39 7.52 30.84
39 27.22 4.32 15.88
40 28.15 1.80 6.38
41 273.04 13.95 5.11
42 90.92 2.41 2.65
43 28.33 6.49 22.92
44 9.71 0.44 4.51
45 10.19 1.10 10.76
46 10.32 1.83 17.76
47 9.49 1.27 13.36
48 30.08 0.34 1.12
49 10.58 1.47 13.94
50 11.33 1.87 16.49
51 22.88 2.59 11.32
52 11.63 0.78 6.73
53 11.58 0.46 3.97
54 11.93 0.02 0.14
55 14.90 0.34 2.29
56 16.83 1.56 9.26
57 20.94 3.98 18.99
58 11.79 2.35 19.92
59 12.11 2.39 19.71
60 12.34 2.42 19.61
61 15.50 3.07 19.82
62 1.65 0.33 20.29
63 7.06 1.37 19.41
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Parcel Area Alte_rnative 4 Percent Change
Parcel No. (acres) Project Area of Land Use
(acres) (Percent Impact)
64 32.56 3.24 9.94
65 12.34 1.71 13.87
66 16.19 2.52 15.59
67 42.43 3.88 9.15
68 66.09 0.01 0.01
69 47.01 7.50 15.96
70 10.48 0.16 1.53
71 7.96 0.86 10.82
72 13.81 1.56 11.30
73 10.81 2.08 19.20
74 8.84 1.64 18.57
75 8.93 1.73 19.42
76 83.14 0.18 0.21
77 10.61 2.86 26.96
78 9.46 2.89 30.58
79 5.65 1.35 23.94
80 5.30 1.46 27.58
81 10.77 3.05 28.29
82 24.17 1.08 4.47
83 95.67 0.06 0.06
84 3.49 0.79 22.76
85 2.44 1.26 51.53
86 2.42 1.13 46.90
87 2.14 0.29 13.48
88 1.27 0.35 27.85
89 3.70 0.66 17.94
90 5.21 0.45 8.62
91 23.26 1.42 6.10
92 9.82 2.77 28.17
93 4.16 0.66 15.95
94 13.39 2.18 16.27
95 2.10 0.02 0.88
96 8.35 3.74 44.83
98 9.16 4.41 48.13
99 6.09 0.37 6.00
100 32.24 0.02 0.05
101 33.82 0.02 0.06
102 29.79 2.94 9.87
103 29.60 3.82 12.89
104 4.82 1.99 41.36
105 1.03 0.07 7.14
106 30.36 4.30 14.16
107 4.41 0.54 12.23
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Parcel Area Alte_rnative 4 Percent Change
Parcel No. (acres) Project Area of Land Use
(acres) (Percent Impact)
108 4.40 3.63 82.42
109 4.50 0.72 16.00
110 0.53 0.00 0.19
111 8.50 1.52 17.92
112 3.34 1.63 48.78
113 6.72 4.10 60.98
114 5.80 2.35 40.58
115 7.16 0.50 6.96
116 27.29 0.60 2.20
117 24.26 8.87 36.55
118 19.56 3.58 18.29
119 183.49 14.10 7.69
120 153.36 1.92 1.25
121 59.91 8.16 13.62
122 17.28 4.20 24.32
123 15.14 3.82 25.24
124 3.15 1.40 44.31
125 1.01 1.00 98.86
126 5.26 0.72 13.76
127 9.17 1.71 18.63
128 10.00 1.90 18.96
129 9.69 1.83 18.88
130 12.46 2.32 18.64
131 20.72 0.77 3.73
132 88.59 2.60 2.93
133 10.03 0.08 0.77
134 20.00 1.38 6.89
135 10.01 1.23 12.33
136 10.03 1.24 12.38
137 23.04 2.36 10.26
138 23.10 5.35 23.17
139 11.17 4.95 44.32
140 11.64 2.21 19.00
141 11.25 0.00 0.02
142 561.16 30.36 5.41
143 857.91 10.60 1.24
144 306.07 14.80 4.83
145 9.99 0.84 8.42
146 47.39 0.20 0.43
147 0.88 0.24 27.82
148 0.69 0.29 41.93
149 0.72 0.25 34.98
150 0.51 0.04 7.27
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Parcel Area Alte_rnative 4 Percent Change
Parcel No. (acres) Project Area of Land Use
(acres) (Percent Impact)

151 0.41 0.08 20.68
152 0.48 0.10 19.85
153 0.54 0.54 99.50
154 0.50 0.50 99.12
155 0.46 0.46 100.23
156 0.47 0.45 96.07
157 0.46 0.43 93.23
158 0.44 0.35 79.14
159 0.91 0.53 57.87
160 1.47 1.25 84.83
161 0.62 0.45 72.57
162 0.46 0.25 53.53
163 0.47 0.24 50.81
164 0.46 0.09 20.53
165 0.60 0.07 11.15
166 0.63 0.10 15.76
167 0.45 0.42 93.74
168 0.46 0.46 99.44
169 0.68 0.04 5.18

170 0.65 0.19 28.66
171 0.79 0.20 25.37
172 0.80 0.10 12.74
173 0.54 0.13 24.38
174 0.34 0.09 25.03
175 0.64 0.16 25.02
176 0.49 0.13 25.68
177 0.49 0.13 25.86
178 0.49 0.13 26.43
179 0.54 0.09 16.96
180 0.66 0.06 9.18

181 0.46 0.46 101.03
182 0.46 0.46 100.91
183 0.46 0.46 100.93
184 0.46 0.42 92.07
185 0.46 0.26 56.80
186 0.47 0.46 98.89
187 0.42 0.42 100.14
188 0.42 0.42 100.65
189 0.89 0.89 100.40
190 2.03 1.02 50.26
191 0.71 0.57 80.34
192 0.60 0.60 100.53
193 0.80 0.78 97.84
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Parcel Area Alte_rnative 4 Percent Change
Parcel No. (acres) Project Area of Land Use
(acres) (Percent Impact)
194 0.73 0.14 18.51
195 2.57 0.12 4.67
196 0.59 0.05 9.10
197 0.45 0.06 12.96
198 0.46 0.05 10.63
199 0.48 0.06 12.16
200 0.43 0.05 11.68
201 0.44 0.05 10.88
202 0.45 0.03 7.62
203 0.46 0.02 5.30
204 1.39 0.12 8.82
205 0.51 0.03 5.66
206 0.46 0.03 7.15
207 0.46 0.03 5.66
208 0.42 0.05 11.15
209 0.63 0.03 4.88
210 0.64 0.01 2.06
211 0.61 0.01 1.38
212 0.96 0.01 1.48
213 0.26 0.02 7.67
214 0.26 0.05 20.82
215 0.26 0.11 42.79
216 0.26 0.16 60.07
217 0.65 0.60 91.91
218 0.74 0.06 8.13
219 1.16 0.34 29.53
220 1.78 0.66 37.00
221 4.11 0.00 0.00
222 3.00 141 46.96
223 7.97 3.82 47.89
224 75.80 2.66 3.51
225 54.73 7.21 13.18
226 44.43 111 2.49
227 28.32 5.55 19.58
228 14.87 4.77 32.10
229 2.36 0.23 9.64

Parcel Area Source: National Land Cover Database (2006) (also see Appendix R)

4.7.4 Alternative 6

Construction, operation, and maintenance of Alternative 6 would permanently convert approximately xxx
acres of land described as woody wetlands, cultivated crops, pasture/hay, mixed, evergreen, or
deciduous forest, or open water land use to public water utility use. The percent change in land use in a
parcel-by-parcel basis and total for Alternative 6 are summarized in Table 4-21. For Alternative 6,
approximately 825 acres of land would be the minimum amount needed to construct and operate the
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proposed project. Alternative 6 in Harris County and Liberty County is located in areas without zoning
regulations or restrictions. Land use in residential areas may be subject to deed restrictions and
homeowner association requirements, although Alternative 6 area is relatively sparsely populated with
limited residential development. Mineral, sand and gravel, hunting, agricultural and other leases may be
associated with specific parcels within Alternative 6 ROW. There would be a direct, significant public
benefit that would occur to change from private to public ownership of the 825 acres needed for the
implementation of Alternative 6. The construction, operation, and maintenance of Alternative 6 would not

affect or be impacted by land use controls or zoning.

Table 4-21:
Percentage Change of Land Use, Estimated Acreage and
Percent Impact by Parcel Intersecting Alternative 6

Parcel Area* Altgrnative 6 Percent Change
Parcel No. (acres) Project Area of Land Use
(acres) (Percent Impact)
1 443.01 3.13 0.71
2 34.14 3.44 10.08
3 13.31 1.62 12.18
4 4.25 3.65 85.86
5 774.76 40.76 5.26
6 55.57 1.18 2.13
7 0.37 0.28 75.00
8 650.48 20.91 3.21
9 377.82 19.77 5.23
10 3,995.87 46.25 1.16
11 27.85 0.10 0.34
12 35.82 6.52 18.19
13 67.75 0.51 0.75
14 4.38 0.47 10.73
15 3.72 0.39 10.36
16 116.96 9.36 8.01
17 3,121.61 30.56 0.98
18 350.07 18.02 5.15
19 18.91 8.75 46.28
20 251 1.32 52.76
21 2.19 0.71 32.42
22 2.82 1.26 44.72
23 2.50 2.05 82.15
24 1.84 1.38 75.22
25 1.84 0.79 43.16
26 1.84 1.12 60.71
27 1.84 1.15 62.49
28 1.84 1.19 64.83
29 1.84 0.85 45.97
30 1.84 0.65 35.34
31 1.84 0.73 39.62
32 1.84 0.86 46.78
33 1.84 0.78 42.21
34 1.84 0.54 29.15
35 1.84 0.44 23.66
36 1.84 0.45 24.58
37 1.84 0.45 24.23
38 1.84 0.33 17.66
39 1.84 0.17 9.30
40 1.84 0.20 10.69
41 2.00 0.17 8.57
42 2.00 0.21 10.53
43 2.00 0.25 12.53
44 2.00 0.19 9.73
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Parcel Area* AIte_rnative 6 Percent Change
Parcel No. (acres) Project Area of Land Use
(acres) (Percent Impact)

45 1.99 0.23 11.57
46 1.99 0.36 18.05
47 1.99 0.28 13.93
48 1.99 0.40 19.89
49 1.99 0.28 14.22
50 1.99 0.31 15.65
51 3.84 0.86 22.38
52 4.91 0.99 20.14
53 5.79 1.33 22.95
54 3.41 1.03 30.20
55 3.41 1.33 39.02
56 1.59 0.52 32.80
57 1.67 1.44 85.98
58 2.16 0.86 39.63
59 251 2.04 81.34
60 325.85 32.04 9.83

61 19.43 5.23 26.93
62 11.09 10.59 95.49
63 3.01 0.96 32.03
64 3.83 1.21 31.63
65 2.50 1.25 50.07
66 0.75 0.38 50.60
67 0.75 0.38 50.84
68 1.50 0.77 51.22
69 1.62 0.87 53.73
70 2.80 1.35 48.25
71 2.88 1.47 51.21
72 1.44 0.77 53.16
73 2.88 1.53 53.16
74 1.44 0.77 53.16
75 1.44 0.77 53.16
76 4.32 1.18 27.32
77 2.68 1.25 46.66
78 3.63 1.74 47.90
79 1.00 0.31 31.00
80 0.82 0.61 73.83
81 1.83 0.92 50.40
82 36.93 1.02 2.76

83 3.02 1.54 50.92
84 3.05 1.54 50.49
85 4.06 2.06 50.68
86 2.78 0.24 8.55

87 1.68 0.75 44.75
88 1.53 0.70 45.75
89 0.75 1.09 144.88
90 1.60 0.32 19.91
91 191 0.85 44.75
92 2.09 1.06 50.71
93 2.02 1.03 50.75
94 1.95 1.00 51.17
95 1.94 0.99 50.84
96 2.07 1.07 51.54
97 6.35 1.98 31.17
98 7.36 7.56 102.68
99 17.97 8.98 49.98
100 13.82 2.84 20.53
101 0.32 0.32 100.82
102 6.93 2.99 43.09
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Parcel Area* AIte_rnative 6 Percent Change
Parcel No. (acres) Project Area of Land Use
(acres) (Percent Impact)
103 6.25 0.94 15.02
104 2.13 1.27 59.43
105 1.95 0.78 39.75
106 18.38 0.42 2.26
107 9.60 0.51 531
108 78.62 10.12 12.87
109 22.07 0.57 2.59
110 171.63 120.58 70.26
111 12.76 0.89 6.95
112 20.01 9.34 46.69
113 79.07 10.59 13.40
114 211.89 28.71 13.55
115 225.26 20.55 9.12
116 36.75 1.82 4.94
117 40.00 0.70 1.74
118 5.00 0.18 3.66
119 2.01 0.13 6.29
120 5.90 0.15 2.48
121 151 0.11 6.98
122 9.96 0.17 1.68
123 22.95 147.78 643.93
124 16.74 142 8.51
125 24.67 0.95 3.84
126 1.50 1.40 93.19
127 1.10 0.56 51.16
128 1.10 0.53 48.41
129 1.50 0.38 25.51
130 1.06 0.29 27.60
131 2.19 0.57 26.10
132 2.18 0.36 16.63
133 1.83 0.12 6.67
134 1.89 0.54 28.74
135 0.27 0.16 58.29
136 6.53 1.26 19.33
137 1.99 0.60 29.91
138 2.00 0.54 26.78
139 3.00 0.68 22.60
140 9.14 2.42 26.50
141 3.43 0.24 6.97
142 167.29 13.96 8.34
143 1,878.38 55.52 2.96
144 1.85 0.11 6.15
145 2.49 0.02 0.66
146 0.18 0.08 44.62
147 0.15 0.03 21.15
148 0